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LAS PLATAFORMAS CARBONATADAS Y SISTEMAS DELTAICOS DEL 
APTIENSE-ALBIENSE INFERIOR DEL NOROESTE DE CANTABRIA: 
REGISTRO DE CAMBIOS PALEOAMBIENTALES Y EVENTOS ANÓXICOS 
 
INTRODUCCIÓN 
En este trabajo se estudian los materiales del Aptiense-Albiense Inferior del 
sector occidental de la cuenca (sub-cuenca) Nor-Cantábrica (borde nor-occidental de la 
cuenca Vasco-Cantábrica), con especial énfasis en el estudio del reflejo sedimentario de 
los cambios paleoclimáticos acontecidos durante el intervalo de tiempo estudiado. El 
enfoque multidisciplinar de esta tesis, abarcando estudios estratigráficos, 
sedimentológicos, bioestratigráficos, paleontológicos, quimioestratigráficos, 
paleogeográficos y paleotectónicos, ha permitido abordar un análisis integral tanto del 
reflejo sedimentario que pudieron tener los cambios paleoclimáticos globales en los 
ambientes someros de plataforma carbonatada y terrígena, como del papel que tuvieron 
los factores globales, regionales y locales en el control de la sedimentación y del relevo 
de plataformas carbonatadas y sistemas deltaicos. Las perturbaciones ambientales y 
climáticas globales acaecidas durante el intervalo de estudio son: el calentamiento 
global relacionado con el Evento Anóxico Oceánico del Aptiense Inferior (OAE 1a), el 
interludio frío o cold-snap del Aptiense Superior, y el calentamiento global relacionado 
con el Evento Anóxico Oceánico del Albiense Inferior (OAE 1b).  
 
OBJETIVOS 
Los principales objetivos de esta Tesis son: 
1) Mejorar el esquema estratigráfico y bioestratigráfico del área de estudio. 
2) Caracterizar las facies sedimentarias, microfacies, ambientes deposicionales, 
e identificar los cambios paleoambientales en el espacio y en el tiempo. 
3) Reconocer las discontinuidades estratigráficas y los patrones arquitecturales 
en la estratigrafía de las facies, con el fin de definir las secuencias 
deposicionales y sus límites.  
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4) Reconstruir la estructura extensiva de la cuenca Nor-Cantábrica durante el 
Cretácico Inferior, mediante correlación de columnas estratigráficas, análisis 
de facies y espesores, cortes geológicos y modelos de tectónica extensiva. 
5) Identificar y caracterizar la repercusión de la crisis paleoclimática y 
paleoceonográfica del Aptiense Inferior, conocida como el Evento Anóxico 
Oceánico del Aptiense Inferior (OAE 1a) o Evento Selli, en la zona de 
estudio.  
6) Prospectar y caracterizar los depósitos ambarígenos del Albiense Inferior del 
área de estudio, con el fin de definir el contexto paleogeográfico, 




En conjunto se han estudiado 17 afloramientos y levantado un total de 15 
secciones estratigráficas a escala métrica y decimétrica, que suman más de 3100 m de 
serie estratigráfica. Esto ha permitido diferenciar tres sectores sedimentarios (La 
Florida, sinclinal de Santillana y Cuchía) y 9 unidades litoestratigráficas,!definiéndose 
una nueva unidad litoestratigráfica de carácter formal (Formación Rábago) para las 
áreas de La Florida y del sinclinal de Santillana. Las unidades litoestratigráficas han 
sido datadas con mayor precisión que la existente, a partir de biozonas de ammonites, de 
foraminíferos planctónicos y bentónicos y de nanofósiles calcáreos y con palinomorfos. 
Esto, junto con las correlaciones estratigráficas, ha permitido reconocer lagunas 
estratigráficas durante el Bedouliensey  Gargasiense inferior en el área de La Florida y 
durante el Aptiense basal y el Albiense Inferior–Medio en el área de Cuchía. 
El estilo estructural de la cuenca varía de una tectónica de basamento en el 
margen del rift cantábrico (Banda del Nansa) con una vergencia hacia el sur de las 
unidades cabalgantes, a un estilo de cobertera, desvinculada del basamento por el 
horizonte dúctil del Keuper, en el centro del graben (Bloque Costero de Santander). El 
análisis de cambios de espesores y facies ha permitido establecer para el sector 
occidental de la cuenca Nor-Cantábrica, la actuación de seis fallas principales con 
actividad sinsedimentaria, oblicuas a los márgenes de la cuenca: la falla N017 de 
Bustriguado, la falla E-O de Santibáñez y las fallas N060 de Peña Castillo, Santa Ana, 
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Torrelavega-Usgo y Rubárcena. Según su disposición en planta, para el Bloque Costero 
de Santander estas fallas se han agrupado en dos áreas genéticas que individualizan dos 
sub-cuencas: área de Treceño y área de Santander. Éstas se encuentran limitadas por una 
zona de acomodación (área de Reocín), siendo este tipo de disposición característico de 
un rift oblicuo con eje asimétrico, cuya dirección de extensión más propicia es N330, 
aunque existe un rango de variación compatible de unos 45º hacia el norte. 
El registro sedimentario muestra la siguiente evolución de ambientes 
sedimentarios: 1) plataforma mixta terrígeno-carbonatada, de edad Bedouliense inferior 
(parte baja de la Zona D. oglanlensis, parte baja del Aptiense Inferior, Fm. Rábago); 2) 
calcarenitas de alta energía de rampa interna a media, de edad Bedouliense inferior 
(parte alta de la Zona D. oglanlensis, Aptiense Inferior, Fm. Umbrera); 3) sistema de 
cuenca marina abierta, prodelta y frente deltaico, de edad Bedouliense inferior (Zona D. 
forbesi, Aptiense Inferior, Fm. Patrocinio); 4) plataforma carbonatada somera con 
rudistas y corales, de edad Bedouliense superior (zonas D. deshayesi y D. furcata, parte 
alta del Aptiense Inferior, Fm. San Esteban); 5) plataforma carbonatada externa y 
abierta y plataforma terrígena (shoreface y offshore), de edad Gargasiense inferior 
(parte baja del Aptiense Superior, Fm. Rodezas); 6) plataforma carbonatada, en su 
mayoría de ambiente somero, aunque también se han identificado ambientes de 
plataforma externa y mar abierto, de edad Gargasiense-Clansayesiense (Aptiense 
Superior, entrando probablemente en la parte basal del Albiense Inferior, Fm. Reocín); 
7) sistema deltaico-estuarino, distinguiéndose ambientes de bahía influenciada por 
marea y oleaje, de llanura deltaica y relleno de canal, de relleno de bahía 
interdistributaria y de frente deltaico con barras distributarias (Albiense Inferior-Medio, 
Fm. Las Peñosas). 
Se ha establecido el modelo paleogeográfico de la zona, que muestra una 
polaridad general de los cinturones de facies desde áreas con menores espesores y facies 
más someras (paleo-alto) al norte y al oeste (áreas de La Florida y Comillas-Cuchía), a 
áreas de surco intraplataforma con mayores acumulaciones de sedimento y facies 
relativamente más profundas, al sur y este de la zona de estudio (área del sinclinal de 
Santillana), lo que encaja con el modelo extensional de la cuenca. Asimismo, las áreas 
de paleo-alto de La Florida y Comillas-Cuchía muestran varios hiatos deposicionales 
asociados a exposiciones subaéreas y a adelgazamiento o ausencia de algunas unidades 
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litoestratigráficas (i.e. Fms. Umbrera, San Esteban y Rodezas, en el área más occidental 
de La Florida; y Fms. Rábago, Rodezas y Las Peñosas en el área de Comillas-Cuchía).  
Se han identificado 5 secuencias de depósito transgresivas-regresivas (T-R) 
principales, limitadas por discontinuidades. Éstas son: 1) SD1, Bedouliense basal, Fm. 
Rábago; 2) SD2, Bedouliense inferior-superior, Fms. Umbrera, Patrocinio y San 
Esteban; 3) SD3, Gargasiense inferior, Fm. Rodezas y parte inferior de la Fm. Reocín; 
4) SD4, Gargasiense superior-base del Albiense Inferior, parte superior de la Fm. 
Reocín; 5) SD5, Albiense Inferior-Medio, Fm. Las Peñosas p.p. 
Con respecto al Evento Anóxico Oceánico del Aptiense Inferior (OAE 1a), se 
han estudiados dos secciones de la Fm. Patrocinio en las áreas de La Florida y Cuchía. 
Para ello se han llevado a cabo análisis sedimentológicos, bioestratigráficos y 
quimioestratigráficos (į13C, į18O, TOC, CaCO3) de alta resolución.  
Como resultado de todos los estudios mencionados, esta Tesis aporta los 
siguientes artículos científicos, publicados en revistas internacionales indexadas (SCI): 
• Najarro, M., Rosales, I. and Martín-Chivelet, J. (2011a). Major 
palaeoenvironmental perturbation in an Early Aptian carbonate platform: 
prelude of the Oceanic Anoxic Event 1a? Sedimentary Geology, 235, 50–71, 
doi:10.1016/j.sedgeo.2010.03.011. 
• Najarro, M., Rosales, I., Moreno-Bedmar, J.A., de Gea, G.A., Barrón, E., 
Company, M. and Delanoy, G. (2011b). High-resolution chemo- and 
biostratigraphic records of the Early Aptian Oceanic Anoxic Event in 
Cantabria (N Spain): Palaeoceanographic and palaeoclimatic implications. 
Palaeogeography, Palaeoclimatology, Palaeoecology, 299, 137–158, doi: 
10.1016/j.palaeo.2010.10.042. 
• Najarro, M., Peñalver, E., Rosales, I., Pérez-de la Fuente, R., Daviero-Gomez, 
V., Gomez, B. and Delclòs, X. (2009). Unusual concentration of Early Albian 
arthropod-bearing amber in the Basque-Cantabrian Basin (El Soplao, 
Cantabria, Northern Spain): Palaeoenvironmental and palaeobiological 
implications. Geologica Acta, 7 (3), 363–387, doi: 10.1344/105.000001443. 
• Najarro, M., Peñalver, E., Pérez-de La Fuente, R., Ortega-Blanco, J., Menor-
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Salván, C., Barrón, E., Soriano, C., Rosales, I., López del Valle, R., Velasco, F., 
Tornos, F., Daviero-Gomez, V., Gomez, B. and Delclòs, X. (2010). Review of 
the El Soplao amber outcrop, Early Cretaceous of Cantabria, Spain. Acta 




En la cuenca Nor-Cantábrica, el inicio del OAE 1a estuvo precedido por un 
cambio en el tipo de producción carbonatada en la zona nerítica, pasando de una 
composición de tipo fotozoan a una de tipo heterozoan, esta última presentando gran 
cantidad de partículas terrígenas. Este cambio composicional indica un estrés ambiental, 
inducido probablemente por el aumento del nivel trófico y turbidez en las aguas 
oceánicas debido al incremento del aporte de nutrientes y partículas terrígenas por 
escorrentía desde zonas continentales emergidas, precediendo el ahogamiento 
(drowning) de la plataforma durante el OAE 1a. Seguidamente, la sedimentación 
durante el OAE 1a se caracterizó por el depósito de margas y materiales siliciclásticos 
(Fm. Patrocinio). Los principales mecanismos que originaron el ahogamiento de la 
plataforma carbonatada durante el OAE 1a fueron el incremento del aporte de terrígenos 
desde el continente, aumento de nutrientes y subida del nivel del mar, inducidos por los 
elevados niveles de CO2 atmosférico y calentamiento global durante el Aptiense 
Inferior.  
Se han reconocido perturbaciones en el ciclo global del carbono que resultaron 
en una pronunciada excursión isotópica (į13C) negativa, seguida de una excursión 
isotópica positiva, del carbono tanto de la fracción carbonatada como orgánica de los 
sedimentos, en consonancia con los estadios isotópicos (C2–C7) reconocidos en otras 
cuencas. Estos resultados apoyan el carácter global de estas excursiones isotópicas y de 
su mecanismo de inducción. Además, se ha refinado la edad y duración del OAE 1a con 
nuevos datos bioestratigráficos de alta resolución, acotándose la edad en el área de 
estudio del segmento C3 de la curva patrón de G13C del OAE 1a, a la parte media-alta de 
la zona de ammonites Deshayesites forbesi (antes denominada D. weissi), a la parte alta 
de la zona Blowiella blowi de foraminíferos planctónicos y la parte alta de la zona 
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Hayesites irregularis de nanofósiles calcáreos. 
El cambio a condiciones climáticas globales relativamente más frías durante el 
Aptiense Inferior alto-Aptiense Superior (conocido como cold-snap), quedó registrado 
en el área de estudio por un cambio en la abundancia de algunos grupos de palinomorfos 
(descenso de Classopollis y aumento de polen tipo bisacado, indicativo de un cambio 
significativo en la flora terrestre), junto con un amplio desarrollo de la sedimentación 
carbonatada de plataforma. Este desarrollo de las plataformas carbonatadas estuvo 
jalonado por oscilaciones y caídas del nivel del mar, produciendo eventos mayores de 
emersión de la plataforma al final del Aptiense Inferior (techo de la Fm. San Esteban) y 
al final del Aptiense Superior–inicios del Albiense (techo de la Fm. Reocín). 
Durante el Albiense Inferior, después del periodo de exposición subaérea a techo 
de la Fm. Reocín, la sedimentación carbonatada fue reemplazada por un sistema 
deltaico-estuarino (Fm. Las Peñosas). Este sistema, principalmente siliciclástico, 
aparece rellenando las zonas de surco intraplataforma, haciendo on-lap y disminuyendo 
de potencia, o incluso despareciendo hacia las zonas de alto (ej. área de Cuchía). Este 
sistema se interpreta en su conjunto como el relleno transgresivo de un amplio valle 
inciso de algunas decenas de kilómetros de extensión, controlado por tectónica. La 
evolución de la sucesión deltaico-estuarina de la Fm. Las Peñosas indica una tendencia 
transgresiva-regresiva-transgresiva, con una progresiva inundación de los ambientes 
continentales y de transición. Esto produjo la anegación y deterioro ambiental en las 
comunidades de bosques de medios continentales y transicionales, originando, junto con 
otros factores (ej. incendios), condiciones propicias para la proliferación de insectos y 
otros artrópodos y para la exudación masiva de resinas como mecanismo defensivo de 
las plantas. Como resultado, estos depósitos presentan una alta acumulación de masas 
de ámbar con bioinclusiones y su estudio ha llevado al descubrimiento del yacimiento 
de ámbar de El Soplao. En este trabajo se aporta el marco geológico y deposicional para 
comprender el origen de este tipo de depósitos, así como sus implicaciones 
paleambientales y su contexto paleogeográfico.  
 




APTIAN-LOWER ALBIAN CARBONATE PLATFORMS AND DELTA 
SYSTEMS OF THE NORTHWEST OF CANTABRIA: RECORD OF 
PALEOCLIMATIC CHANGES AND OCEANIC ANOXIC EVENTS 
 
INTRODUCTION 
This study focuses on the sedimentary, tectono-sedimentary and 
paleoenvironmental evolution of the Lower Cretaceous successions (Aptian-Lower 
Albian) deposited in the North-Cantabrian basin, which constitutes the northwestern 
margin of the Basque-Cantabrian basin (north of Spain), with  accent on the 
paleoclimatic changes recorded in the stratigraphic succession. The multidisciplinary 
approach of this Thesis, including stratigraphical, sedimentological, biostratigraphical, 
paleontological, chemostratigraphical, paleogeographical and tectonic studies, has given 
a comprehensive analysis of the sedimentary expression of global paleoclimatic changes 
in shallow carbonate and siliciclastic environments within the studied interval, as well 
as the interplay between global, regional and local factors in controlling sedimentation. 
The frame of global environmental perturbations that occurred at this time are the global 
warming related to the Early Aptian Oceanic Anoxic Event (OAE 1a), the cold snap that 
followed the OAE 1a during the Late Aptian–earliest Albian and the global warming 
related to the Early Albian Oceanic Anoxic Event (OAE 1b). 
 
OBJECTIVES 
The main objectives of this study are to: 
1) Upgrade the stratigraphic and biostratigraphic schema of the study area. 
2)  Describe the sedimentary facies, microfacies, depositional environments and 
paleoenvironmental changes. 
3) Recognize stratigraphic discontinuities and the facies architecture via the 
stratigraphic correlation of unconformities, in order to define the 
depositional sequences and their limits. 
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4) Reconstruct the extensive structure of the North-Cantabrian basin during the 
Lower Cretaceous by means of stratigraphic correlation, changes of facies 
and sedimentary thicknesses, structural cross-sections and models of 
extensive tectonics. 
5) Identify and characterize the impact in the study area, of the global 
paleoclimatic and paleoceanographic crisis known as the Oceanic Anoxic 
Event 1a (OAE 1a) or Selli event, which took place during the Lower 
Aptian. 
6) Survey and characterize the amber deposits of the Lower Albian in the study 
area, with the aim of stablishing the paleogeographical, sedimentary and 
paleoenvironmental context of this type of deposits and criteria for 
predicting their possible location. 
 
RESULTS 
A total of 17 outcrops and 15 stratigraphic sections totalizing more than 3100 m 
of sedimentary thickness have been logged in metric and decimetric scale in the Aptian-
Lower Albian succession. This allowed the identification of three sedimentary sectors 
(La Florida, Cuchía and Santillana synclinorium) and 9 lithostratigraphic units, 
establishing a new formal unit in the areas of La Florida and Santillana synclinorium, 
namely the Rábago Formation. The lithostratigraphic units have been dated with a better 
resolution than previously reported, by means of biozones of ammonites, benthic and 
planktonic foraminifera, calcareous nannofossils and palynomorphs. This, along with 
stratigraphic correlations, allowed the identification of major depositional hiatuses 
during the  Bedoulian andlowermost Gargasian in La Florida area, and for the 
lowermost Aptian and Lower-Middle Albian in the Cuchía area. 
The structural style of the North-Cantabrian basin varies from basement 
tectonics at the rift margin (Banda del Nansa), with an imbricate of south-vergent thrust 
units, to a detached cover at the graben center (Bloque Costero de Santander). The 
analysis of thicknesses and facies changes allows to identify the activity of six major 
syn-sedimentary faults oblique to the basin margins: the N017 Bustriguado fault, the E-
W Santibañez fault and the N060 Peña Castillo, Santa Ana, Torrelavega-Usgo and 
Rubárcena faults. When examined in plan view, these faults are grouped in two genetic 
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areas by reasons of connectivity (Treceño and Santander areas), bounded by an 
accommodation zone (Reocín area). This pattern characterizes an oblique rift with axial 
asymmetry. 
The studied sedimentary record shows the evolution of the following 
depositional systems: 1) mixed carbonate-siliciclastic platform for the lowermost 
Bedoulian (lower D. oglanlensis Zone, lowermost Aptian, Rábago Fm.); 2) high-energy, 
calcarenitic carbonate ramp for the lower Bedoulian (upper D. oglanlensis Zone, Lower 
Aptian, Umbrera Fm.); 3) basinal, prodelta and delta front system for the lower 
Bedoulian (D. forbesi Zone, Lower Aptian, Patrocinio Fm.); 4) rudist-coral-dominated 
shallow platform for the upper Bedoulian (D. deshayesi and D. furcata zones, Lower 
Aptian, San Esteban Fm.); 5) outer carbonate platform and siliciclastic platform 
(shoreface and offshore), for the lower Gargasian (lower Upper Aptian, Rodezas Fm.); 
6) carbonate platform, mainly of shallow water environment, along with outer and open 
marine environments for the Gargasian–Clansayesian (Upper Aptian entering probably 
into the lowermost Albian, Reocín Fm.); and 7) estuarine-delta system, with wave- and 
tidal-influenced estuarine bay, delta plain interdistributary bay, delta plain distributary 
meandering channels and delta front distributary mouth bars environments (Lower-
Middle Albian, Las Peñosas Fm.).  
A paleogeographic model of the area has been established, showing an overall 
trend of facies belts from areas with shallower and thinner sedimentary successions 
(paleo-highs) to the north and west (areas of La Florida and Comillas-Cuchía) towards 
areas with deeper and thicker sedimentary successions (depocentral areas) to the south 
and east (area of Santillana synclinorium), in accordance with the extensional model of 
the basin. In addition, the paleo-high areas of La Florida and Comillas-Cuchía display 
frequent depositional hiatuses associated to subaerial exposure, with pinch-out or 
absence of several lithostratigraphic units (i.e. Umbrera, Rodezas and San Esteban Fms. 
in the western part of La Florida area, and Rábago, Rodezas and Las Peñosas Fms. in 
the Comillas-Cuchía area). 
Five transgressive-regressive (T-R) depositional sequences bounded by 
unconformities have been identified for the lowermost Bedoulian (SD1, Rábago Fm.), 
lower-upper Bedoulian (SD2, Umbrera, Patrocinio and San Esteban Fms.), lower 
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Gargasian (SD3, Rodezas and lower Reocín Fms.), upper Gargasian–lowermost Albian 
(SD4, upper Reocín Fm.) and Lower-Middle Albian (SD5, Las Peñosas Fm.). 
Regarding the OAE 1a event, two Lower Aptian sections of the Patrocinio Fm. 
(La Florida and Cuchía) have been investigated using high-resolution sedimentological, 
biostratigraphical and chemostratigraphical į13&į18O, TOC, CaCO3) approaches. 
As a result of the aforementioned studies, this Thesis has contributed with the 
following peer-reviewed articles (SCI papers): 
• Najarro, M., Rosales, I. and Martín-Chivelet, J. (2011a). Major 
palaeoenvironmental perturbation in an Early Aptian carbonate platform: 
prelude of the Oceanic Anoxic Event 1a? Sedimentary Geology, 235, 50–71, 
doi:10.1016/j.sedgeo.2010.03.011. 
• Najarro, M., Rosales, I., Moreno-Bedmar, J.A., de Gea, G.A., Barrón, E., 
Company, M. and Delanoy, G. (2011b). High-resolution chemo- and 
biostratigraphic records of the Early Aptian Oceanic Anoxic Event in 
Cantabria (N Spain): Palaeoceanographic and palaeoclimatic implications. 
Palaeogeography, Palaeoclimatology, Palaeoecology, 299, 137–158, doi: 
10.1016/j.palaeo.2010.10.042. 
• Najarro, M., Peñalver, E., Rosales, I., Pérez-de la Fuente, R., Daviero-Gomez, 
V., Gomez, B. and Delclòs, X. (2009). Unusual concentration of Early Albian 
arthropod-bearing amber in the Basque-Cantabrian Basin (El Soplao, 
Cantabria, Northern Spain): Palaeoenvironmental and palaeobiological 
implications. Geologica Acta, 7 (3), 363–387, doi: 10.1344/105.000001443. 
• Najarro, M., Peñalver, E., Pérez-de La Fuente, R., Ortega-Blanco, J., Menor-
Salván, C., Barrón, E., Soriano, C., Rosales, I., López del Valle, R., Velasco, F., 
Tornos, F., Daviero-Gomez, V., Gomez, B. and Delclòs, X. (2010). Review of 
the El Soplao amber outcrop, Early Cretaceous of Cantabria, Spain. Acta 
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CONCLUSIONS 
In the North-Cantabrian basin, the onset of the OAE 1a was preceded by a 
change in the neritic carbonate factory from photozoan to heterozoan style, the later rich 
in terrigenous particles. This compositional change indicates environmental stress 
induced by high trophic level conditions and enhanced terrestrial runoff, preluding the 
platform drowning during the OAE 1a. Sedimentation during the OAE 1a was 
characterized by marly and siliciclastic deposition (Patrocinio Fm.). Increasing 
continental runoff, nutrient influx and a sea-level rise induced by high levels of CO2 and 
global warming, are proposed as the main mechanism for platform drowning during the 
OAE 1a. The age and duration of the OAE 1a have been refined on the basis of new 
high-resolution biostratigraphic data provided in this study. In addition, carbon isotope 
perturbations (a sharp QHJDWLYHį13&H[FXUVLRQIROORZHGE\DSRVLWLYHį13C excursion) in 
both bulk organic matter carbon and marine carbonate carbon have been recorded, in 
DJUHHPHQWZLWKRWKHUį13C records of Lower Aptian deposits worldwide. These results 
support the global character of these isotopic excursions together with their triggering 
mechanisms. 
The change to relatively cooler climate conditions after the OAE 1a, during the 
upper Early Aptian–Late Aptian (so-called "cold-snap"), is recorded in the study area by 
a change in the abundance of some particular groups of palynomorphs (decrease of 
Classopollis and increase of bisaccated pollen), indicative of significant changes in the 
terrestrial flora, and by the widespread development of carbonate deposition. Carbonate 
platform development was punctuated by sea-level oscillations and stages of sea-level 
fall, with major platform emersion at the end of the Lower Aptian (D. furcata Zone, top 
of San Esteban Fm.) and end of the Aptian–earliest Albian (top of the Reocín Fm.). 
During the Lower Albian, and following subaerial exposure on top of the Reocín 
Fm., carbonate sedimentation was replaced by a siliciclastic estuarine-delta system (Las 
Peñosas Fm.). This delta-estuarine system filled intraplatform troughs, onlapping, 
thinning or disappearing toward the highs. It is interpreted as the transgressive infill of a 
kilometre-scale incised valley controlled by tectonics.  The evolution of the Las Peñosas 
delta-estuarine succession indicates a transgressive-regressive-transgressive trend, with 
a progressive flooding of the continental and transitional marine environments. This 
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gave rise to the flooding and damage of the continental and transitional forests, 
producing, together with other possible factors such as fires, favorable conditions for 
the proliferation of insects and other arthropods and the massive exudation of resins as a 
protective mechanism of the plants. Consequently, these deposits yielded a high 
accumulation of amber pieces with abundant bioinclusions. The study of these deposits 
has resulted in the discovery of the amber-bearing deposit of the El Soplao. This study 
provides the geological and depositional framework for understanding the origin of 

















1.1.- NATURALEZA Y OBJETIVOS DE LA TESIS 
 
Esta Tesis Doctoral se ha realizado dentro del marco de los proyectos: “Relación 
entre sedimentación, tectónica y flujo de fluidos durante la extensión del Cretácico 
Inferior en la Cuenca de Santander”, financiado por Instituto Geológico y Minero de 
España (IGME 2005–2008); “Investigación Científica y Técnica de la Cueva de El 
Soplao y su entorno Geológico” surgido del Convenio de Colaboración entre el IGME, 
la Consejería de Cultura, Turismo y Deporte del Gobierno de Cantabria y la empresa 
SIEC S.A. (2008–2012) y el proyecto “Variaciones seculares geoquímicas e isotópicas 
en facies carbonatadas marinas del Carbonífero, Jurásico y Cretácico en la Península 
Ibérica: Aplicación a la interpretación de crisis paleoclimáticas”, concedido por la DGI 
del Ministerio de Ciencia e Innovación (2009–2011, CGL2008-01237). En concreto, 
este trabajo se ha centrado en el estudio de la evolución sedimentaria, tectono-
sedimentaria y paleoambiental de los materiales del Aptiense–Albiense Inferior del 
sector occidental de la cuenca Nor-Cantábrica (NO de Cantabria), con especial énfasis 
en el estudio del reflejo en estas sucesiones estratigráficas, de los cambios 
paleoclimáticos que se produjeron durante el intervalo Aptiense Inferior y del Albiense 
Inferior. 
 
El estudio del Cretácico Inferior es de especial interés, ya que estuvo 
caracterizado por una intensa actividad volcánica con formación de “Grandes Provincias 
Ígneas” (Coffin y Eldhom, 1994; Larson y Erba, 1999), elevados niveles de CO2 
atmosférico, pronunciado aumento de las temperaturas medias (hasta 7ºC mayores que 
la actual), significativas fluctuaciones eustáticas, perturbaciones mayores en el ciclo 
global del carbono, y episodios de desarrollo de anoxia en los fondos marinos, crisis en 
la producción de carbonatos, acidificación de las aguas y extinciones en masa (e.j. 
Weissert y Lini, 1991; Erba, 1994; Föllmi et al., 1994; Weissert et al., 1998; Menegatti 
et al., 1998; Jenkyns, 2003; Wissler et al., 2003; Föllmi et al., 2006; Dumitrescu et al., 
2006; Burla et al., 2008). En resumen, toda una batería de efectos interrelacionados que 
  - 15 - 
                                                                                                           Capítulo 1: Introducción 
afectaron a las plataformas carbonatadas extendidas a lo largo del dominio del Tetis, y 
cuyo desencadenante inicial es aún poco conocido. Dentro de este marco general, en 
esta Tesis Doctoral se han llevado a cabo estudios enfocados a analizar cambios 
paleoambientales y paleoceanográficos durante el Aptiense–Albiense Inferior en el área 
de estudio, y comprobar hasta qué punto estuvieron condicionados por los cambios 
globales ocurridos durante el Cretácico Inferior.  
 
La cuenca Nor-Cantábrica constituye el borde nor-occidental de la cuenca 
Vasco-Cantábrica, donde afloran, para el Aptiense–Albiense, depósitos de plataforma 
carbonatada (calizas urgonianas) interestratificados con depósitos siliciclásticos 
costeros. Estos sistemas de plataforma carbonatada ofrecían a priori gran potencial para 
abordar este tipo de estudios, ya que son sistemas particularmente sensibles a los 
cambios ambientales, climáticos y oceanográficos (incluidos cambios relativos del nivel 
del mar), en cuanto a que afectan el químismo del agua, temperatura, salinidad, 
turbidez, aporte de sedimento detrítico, actividad biológica, nutrientes, etc. Estos 
cambios pudieron ser rápidamente registrados en los sistemas de plataforma 
carbonatada del área de estudio como discontinuidades y cambios en la composición y 
producción de carbonato, así como en el estilo de sedimentación. 
 
El área de estudio constituía también una zona prometedora desde el punto de 
vista paleontológico por contener indicios de ámbar en las unidades siliciclásticas 
albienses, si bien no se habían encontrado hasta el momento enclaves importantes con 
contenido fosilífero. Durante la realización de esta Tesis se ha llevado a cabo un trabajo 
detallado de prospección en busca de yacimientos paleontológicos que ha permitido el 
descubrimiento de nuevos enclaves y yacimientos de ámbar ricos en bioinclusiones 
fósiles (principalmente artrópodos), alguno de ellos de gran relevancia como es el caso 
del Yacimiento de ámbar de El Soplao, actualmente en estudio exhaustivo por parte de 
científicos especialistas nacionales e internacionales. 
 
Por otro lado, si bien el Cretácico Inferior de la cuenca Vasco Cantábrica ha sido 
extensamente estudiado desde un punto de vista estratigráfico, sedimentológico y 
tectónico (ej. Rat, 1959; Aguilar, 1970; Floquet y Rat, 1975; Pujalte, 1977; García-
Mondéjar, 1979a, 1979b; 1990; Pascal, 1985; Fernández-Mendiola, 1986; García-
Garmilla, 1987; Rat, 1988; Robles et al., 1988; Gómez-Pérez, 1994; Gräfe, 1994; 
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Rosales et al., 1994, 2002; Rosales, 1995, 1999; Agirrezabala, 1996; Espina, 1996; 
García-Mondéjar et al., 1996; Aranburu, 1998; López-Horgue, 2000; Quintanar-Soto, 
2003, Iriarte, 2004; Soto et al, 2007; Millán et al., 2009; Quintana, 2012, entre otros), 
hasta la fecha el Cretácico Inferior de la cuenca Nor-Cantábrica había estado menos 
investigado, con escasos trabajos publicados en los años setenta (ej. Ramírez del Pozo, 
1972; Ramírez del Pozo et al, 1976a; 1976b; Carreras et al., 1978; 1979; Collignon et 
al., 1979) y principios de los ochenta (Martínez-García, 1980; Hines, 1985), o más 
recientemente (Wilmsen, 2005), lo que también justifica su estudio. Además, teniendo 
en cuenta que en los últimos años se ha producido un gran avance del conocimiento 
científico, tanto en lo referente al análisis de cuencas, como en el uso de trazadores 
paleoclimáticos y paleoambientales, esta tesis pretende contribuir, mediante un enfoque 
multidisciplinar, al conocimiento estratigráfico, sedimentológico, bioestratigráfico, 
paleontológico, quimioestratigráfico, paleogeográfico y paleotectónico del área de 
estudio durante el periodo considerado. En detalle, se han perseguido y alcanzado los 
siguientes objetivos: 
 
1. Avanzar en el conocimiento estratigráfico del área de estudio, 
construyendo un esquema litoestratigráfico más preciso que el 
existente, mediante la redefinición y definición de unidades 
estratigráficas. 
 
2. Mejorar la resolución bioestratigráfica de los materiales estudiados 
mediante la colaboración con especialistas en ammonites, 
foraminíferos planctónicos y bentónicos, nanofósiles calcáreos y 
palinomorfos. Con ello se ha conseguido datar con mejor precisión 
las unidades, revelar las lagunas estratigráficas existentes y usar la 
distribución bioestratigráfica de determinados grupos de 
nanofósiles calcáreos y palinomorfos para inferir los cambios 
ambientales y climáticos.  
 
3. Identificar facies y microfacies sedimentarias, ambientes de 
depósito y cambios paleoambientales, a través del análisis 
sedimentológico de las unidades litostratigráficas, examinando la 
distribución en el espacio y en el tiempo de los sistemas 
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sedimentarios carbonatados y siliciclásticos y de su brusco relevo 
en secuencias de depósito.  
 
4. Definir las secuencias de depósito y sus límites. 
 
5. Reconstruir la estructura extensiva de la cuenca Nor-Cantábrica 
durante el Cretácico Inferior, mediante correlación de columnas 
estratigráficas, análisis de facies y espesores, cortes geológicos y 
modelos de tectónica extensiva. 
 
6. Identificar y caracterizar la repercusión de la crisis paleoclimática y 
paleoceonográfica del Aptiense Inferior, conocida como el Evento 
Anóxico Oceánico del Aptiense Inferior (OAE 1a), en la zona de 
estudio. Está bien establecido que el OAE 1a produjo a escala 
global perturbaciones mayores en el ciclo del C, desarrollo de 
anoxia con acumulación de materia orgánica en los fondos 
marinos, crisis bióticas y de producción de carbonatos y 
acidificación de las aguas oceánicas (ej. Föllmi et al., 1994; 
Weissert et al., 1998; Menegatti et al., 1998; Jenkyns, 2003), cuyos 
efectos en la zona de estudio se ha perseguido identificar.  
 
7. Prospectar y estudiar geológicamente los depósitos ambarígenos 
del Albiense Inferior del área de estudio. La sedimentología 
detallada de la unidad ambarígena es prioritaria para establecer el 
contexto paleogeográfico y paleoambiental de este tipo excepcional 
de depósitos y predecir su localización. 
 
Para la realización de esta Tesis Doctoral se ha optado por la presentación en la 
modalidad de compendio de publicaciones. Éstas se incluyen en el Capítulo 4 de esta 
Memoria. Las publicaciones internacionales aparecen acompañadas cada una de un 
resumen en castellano. La Tesis Doctoral está construida sobre 4 artículos científicos, 
publicados en revistas indexadas de reconocido prestigio internacional del ámbito de las 
Ciencias de la Tierra, siendo la autora de esta tesis la primera firmante de todos ellos. 
Estos trabajos son por orden cronológico: 
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(1) Najarro, M., Peñalver, E., Rosales, I., Pérez-de la Fuente, R., Daviero-Gomez, 
V., Gomez, B. and Delclòs, X. (2009). Unusual concentration of Early Albian 
arthropod-bearing amber in the Basque-Cantabrian Basin (El Soplao, Cantabria, 
Northern Spain): Palaeoenvironmental and palaeobiological implications. Geologica 
Acta, 7 (3), 363–387, doi: 10.1344/105.000001443. (Factor de Impacto en 2009: 
1,226). 
 
(2) Najarro, M., Peñalver, E., Pérez-de La Fuente, R., Ortega-Blanco, J., Menor-
Salván, C., Barrón, E., Soriano, C., Rosales, I., López del Valle, R., Velasco, F., Tornos, 
F., Daviero-Gomez, V., Gomez, B. and Delclòs, X. (2010). Review of the El Soplao 
amber outcrop, Early Cretaceous of Cantabria, Spain. Acta Geologica Sinica (English 
Edition), 84, 801–818, doi: 10.1111/j.1755-6724.2010.00258.x. (Factor de Impacto 
en 2010: 1,408). 
 
 (3) Najarro, M., Rosales, I. and Martín-Chivelet, J. (2011a). Major 
palaeoenvironmental perturbation in an Early Aptian carbonate platform: prelude of the 
Oceanic Anoxic Event 1a? Sedimentary Geology, 235, 50–71, 
doi:10.1016/j.sedgeo.2010.03.011. (Factor de Impacto en 2011: 1,537). 
 
(4) Najarro, M., Rosales, I., Moreno-Bedmar, J.A., de Gea, G.A., Barrón, E., 
Company, M. and Delanoy, G. (2011b). High-resolution chemo- and biostratigraphic 
records of the Early Aptian Oceanic Anoxic Event in Cantabria (N Spain): 
Palaeoceanographic and palaeoclimatic implications. Palaegeography, 
Palaeoclimatology, Palaeoecology, 299, 137–158, doi: 10.1016/j.palaeo.2010.10.042. 
(Factor de Impacto en 2011: 2,392). 
 
 
Además de estos artículos principales, se incluyen complementariamente como 
anexos otros dos artículos científicos surgidos como colaboraciones específicas 
relacionadas con el trabajo de la Tesis Doctoral: 
 
(5) Menor-Salván, C., Najarro, M., Velasco, F., Rosales, I., Tornos, F. and 
Simoneit, B.R.T. (2010). Terpenoids in extracts of Lower Cretaceous ambers from the 
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Basque-Cantabrian basin (El Soplao, Cantabria, Spain): Paleochemotaxonomic aspects. 
Organic Geochemistry, 41, 1089–1103, doi: 10.1016/j.orggeochem.2010.06.013. 
(Factor de Impacto en 2010: 2,375). 
 
(6) Quijano, M.L., Castro, J.M., Pancost, R.D., de Gea, G.A., Najarro, M., 
Aguado, R., Rosales, I. and Martín-Chivelet, J. (2012). Organic geochemistry, stable 
isotopes, and facies analysis of the Early Aptian OAE: New records from Spain 
(western Tethys). Palaegeography, Palaeoclimatology, Palaeoecology, 365-366, 276–
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1.2.- MARCO GEOGRÁFICO 
 
La zona de estudio se localiza en el extremo noroccidental de la Comunidad 
Autónoma de Cantabria, abarcando alrededor de 20 x 80 Km (Figura 1.1). Tiene como 
límites geográficos aproximados el río Nansa al oeste, la sierra del Escudo de 
Cabuérniga al sur, el mar Cantábrico al norte y el río Besaya al este. Esta área ocupa 
parte de las hojas del Mapa Topográfico Nacional de España del Instituto Geográfico 
Nacional a escala 1:50.000, números: 33 (Comillas), 34 (Torrelavega), 57 (Cabezón de 
la Sal) y el extremo norte de la hoja 58 (Los Corrales de Buelna). Las localidades más 
importantes son Torrelavega, Comillas, Cabezón de la Sal, San Vicente de la Barquera, 
Santillana del Mar y Suances. 
 
La zona presenta un relieve de baja montaña, que culmina en los picos de Castro 
Rubio (682 m), Costalvío (304 m) y Pico de las Palomas (422 m). La red hidrográfica 
está estructurada en torno a tres ríos principales que discurren paralelos en una dirección 
N-S: el Nansa al oeste, que desemboca en la ría de Tina Menor y los ríos Saja y Besaya 
al este, que desembocan en la ría de San Martín de la Arena. La costa presenta 
numerosos acantilados como el de El Fraile y Los Caballos que ofrecen excelentes 
afloramientos, si bien en ocasiones no resultan de fácil acceso. 
 
El clima es típicamente oceánico con precipitaciones anuales de unos 1000 l/m2 
y temperaturas medias que oscilan entre 12º y 17ºC. Este clima suave y húmedo 
condiciona el desarrollo de una densa cobertera vegetal, pudiendo llegar incluso a cubrir 
los afloramientos de calizas, normalmente resaltantes, lo que dificulta el trabajo del 
geólogo. Así se pueden observar robledales, plantaciones de eucaliptos y pinares en las 
zonas montañosas, mientras que las zonas calizas se encuentran bien descubiertas o bien 
tapizadas por formaciones arbustivas. Asimismo, los numerosos valles que atraviesan la 
zona de estudio se hallan tapizados por extensos prados y cultivos. 
 
Los recursos naturales se centran hoy en día en la explotación de las rocas 
carbonatadas del Carbonífero, Jurásico y Cretácico Inferior para su utilización como 
áridos de construcción. Se explota también sal en el diapiro de Polanco. Sin embargo, el 
mayor recurso de la zona fue, hasta hace pocos años, las explotaciones mineras de Pb y 
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Zn enclavadas en los materiales carbonatados urgonianos, destacando las minas de 
Reocín, la Florida y Novales. Por otro lado cabe resaltar el uso creciente de los recursos 
geológicos y patrimonio minero de la zona como parte fundamental del atractivo 
turístico (ej. cueva de El Soplao). 
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Figura 1.1.- Mapa geográfico de la zona de estudio con localización aproximada de las secciones estratigráficas. 
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1.3.- MARCO GEOLÓGICO 
 
El área de estudio se sitúa en el norte de la Cordillera Cantábrica, en el margen 
noroccidental de la cuenca Vasco-Cantábrica (CVC) (Figura 1.2). Ésta limita al oeste 
con el macizo Asturiano, al sur con las cuencas terciarias del Duero y del Ebro y el 
macizo de la Demanda, al este con los macizos Vascos de Cinco Villas y Quinto Real y 
al norte con el mar Cantábrico (Rat, 1988). Su historia geológica se encuentra 
estrechamente relacionada con la apertura del Golfo de Vizcaya durante el Mesozoico 
(Triásico-Cretácico Inferior) y con la convergencia de las placas Ibérica y Europea 
(final del Cretácico y Terciario) (ej. Boillot y Malod, 1988). 
 
En la CVC afloran principalmente materiales del Mesozoico y Cenozoico 
Inferior. Los espesores totales acumulados pueden alcanzar en algunos sectores de la 
cuenca más de 15.000 m apilados en la lateral (ej. Quintana, 2012), si bien estos 
espesores varían considerablemente en cortas distancias debido a la subsidencia 
controlada por fallas y a la tectónica salina. Los materiales aflorantes en la CVC son 
principalmente del Cretácico y del Terciario, apareciendo los afloramientos de 
materiales jurásicos y triásicos principalmente en las áreas adyacentes a los macizos 
paleozoicos y a los domos diapíricos (Figura 1.2).  
 
La historia geológica de la CVC comienza hace unos 200 millones de años con 
la extensión post-varisca de la corteza continental en el Pérmico (Rat, 1988) y termina 
con el cierre de la cuenca producida por el plegamiento alpino en el Eoceno tardío. La 
cuenca se formó durante la apertura del Golfo de Vizcaya, que separó el Macizo Ibérico 
del Macizo Armoricano durante la expansión mesozoica del Atlántico Norte. El proceso 
de oceanización en el Golfo de Vizcaya a partir del Cretácico Inferior hasta el Cretácico 
Superior, tiene asociada la rotación antihoraria de Iberia respecto a Europa (Sibuet y 
Collete, 1991). Durante esta etapa se han estimado desplazamientos relativos entre 
Europa e Iberia del orden de 300–400 km (Le Pichon et al., 1971), 180 km (Roest y 
Srivastava, 1991) y 80 km (Sibuet y Collette, 1991). 
 
El modelo de desplazamiento de la placa Ibérica con respecto a la Europea 
durante la apertura del Golfo de Vizcaya ha suscitado, y sigue suscitando, mucha 
controversia. Tradicionalmente se han considerado dos mecanismos principales de 
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apertura: rotación simple en “tijera” y desgarre sinestral (sintetizados en Ries, 1978). 
Boillot y Capdevilla (1977) y Boillot et al. (1979) defienden un modelo simple de 
extensión y posterior colisión. Le Pichon et al. (1971) y Choukrone y Mattauer, (1979) 
sugieren que la apertura del Golfo de Vizcaya se produjo por movimientos sinistrales a 
lo largo de grandes fallas transformantes (Aquitania, Norpirenaica, Vizcaína y 
Cantábrica). Boillot (1986) sugiere extensión por cizalla simple hasta el Aptiense y 
desplazamiento sinistro a lo largo del eje del rift a partir del Albiense y durante todo el 
Cretácico Superior. García-Mondéjar (1989, 1996) y García-Mondejar et al. (1996) 
explican la apertura de la cuenca y la subsidencia extensional durante el Aptiense-
Albiense (episodio Urgoniano) por movimientos de desgarre sinistro relacionado a las 
fallas transformantes, además de extensión por cizalla simple. Recientemente, Quintana 
et al. (2009a, 2009b) y Quintana (2012) proponen que la formación y geometría 
rómbica de la CVC se pudo producir mediante régimen extensional a partir de: 1) zonas 
de transferencia extensional, desarrolladas entre fallas normales subparalelas; 2) a partir 
de sistemas de fallas normales ortorrómbicas; y 3) por coexistencia de fallas 
perpendiculares y oblicuas a la dirección de extensión principal, siendo estas últimas 
estructuras heredadas. 
 
La formación preorogénica de la CVC puede explicarse mediante dos fases 
principales de extensión en el Pérmico–Triásico Inferior y Jurásico Superior–Cretácico 
Inferior, y dos fases de la subsidencia más uniforme y generalizada durante el Jurásico 
Inferior–Medio y Cretácico Superior–Paleógeno (ej. Rat, 1988; Martín-Chivelet et al., 
2002), aunque también existió subsidencia diferencial. 
 
La segunda etapa de extensiva (Jurásico Superior–Cretácico Inferior) es una fase 
de rifting  en relación a la apertura del Golfo de Vizcaya y fue la más importante, por la 
individualización de la CVC. Durante este episodio tuvo lugar el movimiento relativo 
de Iberia hacia el SO con respecto a Europa (Olivet, 1978; Olivet et al., 1984; Grimaud 
et al., 1982 y Boillot, 1984, entre otros). De acuerdo con los modelos cinemáticos 
existentes, este movimiento de rotación antihoraria de Iberia respecto a Europa, con una 
componente de movimiento de Europa hacia el SE (Montadert et al., 1979; Sibuet et al., 
2004), estuvo en parte acomodado por fallas transformantes (Le Pichon et al., 1971). 
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Figura 1.2.- Mapa geológico sintético de la cuenca Vasco-Cantábrica marcando la localización del área 
de estudio. 
 
Durante la etapa inicial del rifting continental se produjeron las llamadas 
“cubetas wealdenses” (complejo Purbeck-Weald de Pujalte, 1977), limitadas por fallas 
extensionales. Estas cuencas se rellenaron con sedimentos siliciclásticos y carbonatados 
en ambientes continentales y transicionales (Ramírez del Pozo, 1971; Pujalte, 1977, 
1981). A comienzos del Aptiense la velocidad de la subsidencia se incrementa (Rat, 
1988) dando como respuesta una transgresión marina (transgresión urgoniana) 
coincidente aproximadamente con la base del Aptiense (Rat, 1959, 1988; García-
Mondéjar, 1989, 1990), que a su vez coincidió en el tiempo con una transgresión marina 
global (Haq et al., 1988). Una de las consecuencias fue el recubrimiento de gran parte 
de la región por un mar somero epicontinental donde se desarrollaron amplias 
plataformas carbonatadas con rudistas y corales (calizas urgonianas) y plataformas 
mixtas terrígeno-carbonatadas, que en general persistieron hasta el Albiense (García-
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Mondéjar, 1990; Martín-Chivelet et al., 2002; García-Mondéjar et al., 1996, 2004). A 
partir del Aptiense Superior la subsidencia diferencial se hizo más acusada, 
individualizándose subcuencas (interpretadas por algunos autores como de pull-apart; 
ej. Choukroune y Mattauer, 1978; García-Mondéjar et al., 1996, 2004) y produciéndose 
la compartimentación de estas en altos y surcos, con la formación de calizas en las 
zonas más someras desprovistas de aportes terrígenos. 
 
Durante el Albiense se incrementa la extensión, originándose un surco flysch en 
el norte de la cuenca (sinclinorio de Vizcaya), localizado, presumiblemente, en la zona 
de sutura entre Iberia y Europa (Rat, 1988). Este incremento de la subsidencia en la 
cuenca, junto al rejuvenecimiento de las áreas fuentes originó un aporte considerable de 
materiales terrígenos al área, lo que produjo el progresivo enterramiento de las 
plataformas urgonianas por sistemas siliciclásticos (Complejo Supraurgoniano, Rat, 
1988). Estos procesos coincidieron con acreción oceánica en el Golfo de Vizcaya y con 
un importante adelgazamiento cortical en la CVC, lo que quedó reflejado en el 
volcanismo básico del Albiense Superior en el Sinclinorio de Vizcaya (Mathey, 1982, 
1986). A partir de este momento, comienza una etapa de tipo post-rift con expansión 
oceánica en el Golfo de Vizcaya y deriva de la placa Ibérica. En los puntos donde sólo 
existía corteza continental ésta se adelgazó mucho, produciéndose una subsidencia más 
amplia y la profundización del surco flysch. 
 
Por tanto, a lo largo del Cretácico Superior hasta el Santoniense, se produjo la 
flexión progresiva del margen cantábrico dando como resultado una transgresión marina 
generalizada con desarrollo, por una parte, de amplias plataformas carbonatadas al sur, 
centro y noroeste de la CVC, y por otra parte, depósitos de tipo flysch con 
intercalaciones de lavas basálticas en la zona noreste de la cuenca. A finales del 
Santoniense finaliza la expansión oceánica en el Golfo de Vizcaya y el volcanismo en el 
sinclinorio de Vizcaya, coincidiendo con el cambio de margen pasivo a margen activo y 
con la subducción parcial de la corteza ibérica hacia el norte (Alonso et al., 2007). 
 
Con la convergencia entre Iberia y Europa se produce la inversión de la cuenca 
por cabalgamientos. En la zona de estudio, la etapa de compresión esta registrada desde 
el Eoceno superior hasta el Oligoceno (Hines, 1985; Rat, 1988). 
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Dentro del contexto geodinámico general explicado anteriormente para la CVC, la 
zona de estudio se localiza en la denominada cuenca Nor-Cantábrica (por Wilmsen, 
2000; Wilmsen 2005; Najarro et al., 2007), también denominada Bloque Costero de 
Santander (por Barnolas y Pujalte, 2004), que constituye la terminación noroccidental 
de la CVC (Figura 1.3). Esta área se comportó durante la fase de extensión cretácica 
como un bloque poco subsidente, con orientación E–O y espesores comparativamente 
reducidos de los materiales cretácicos de varios cientos de metros a apenas 2500 metros, 
en contraste con los varios miles de metros que presentan otras áreas de la CVC, 
superponiéndose a la extensión triásica y enmascarando la geometría derivada de ella. 
 
Paleogeográficamente, la cuenca Nor-Cantábrica estuvo limitada al sur por el 
alto y falla de Cabuérniga, al oeste por el macizo Asturiano (presumiblemente emergido 
durante parte del Cretácico), al norte por el alto estructural de Liencres, que hoy día está 
sumergido justo en frente de la actual línea de costa, y al este por una estructura 
extensional cretácica denominada Flexura del Río Miera (Feuillée y Rat, 1971) (Figura 
1.4). 
 
Durante la extensión cretácica la cuenca Nor-Cantábrica se compartimentó 
internamente en surcos y altos controlados por fallas sinsedimentarias de orientación 
principal E–O y secundariamente por fallas de orientación N–S y NE–SO. Entre las 
principales fallas extensivas que controlaron la subsidencia y la sedimentación en esta 
zona durante el Cretácico Inferior, cabe destacar la Falla de Bustriguado y la Falla de 
Santibáñez (Figura 1.3). La actuación conjugada de estas fallas condicionó la formación 
de tres dominios sedimentarios en función de su evolución tectónica y estratigráfica. 
Estas áreas han sido denominadas (de SO a NE, Figs. 1.3 y 1.5): área de La Florida, 
área del sinclinal de Santillana y área de Cuchía. Así las áreas de La Florida y Cuchía 
representan dos zonas de menor subsidencia o bloques elevados, mientras que el área 
del sinclinal de Santillana constituye un depocentro o bloque hundido dentro del área de 
estudio (Figura 1.5). A partir del Eoceno superior, durante la orogénia Alpina, se 
produjo la inversión de la Falla de Cabuérniga y el plegamiento de la serie 
principalmente mesozoica depositada en la cuenca Nor-Cantábrica, configurándose la 
estructura tectónica del área de estudio tal como se reconoce hoy en día. 
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A pesar de que la cuenca Nor-Cantábrica constituye el extremo noroccidental de 
la CVC, en ella se pueden distinguir dos dominios estructurales bien diferenciados: el 
primero de ellos (o dominio occidental), que coincide con el área de La Florida, se 
corresponde al extremo nororiental del macizo Asturiano que equivale a su vez al límite 
nororiental del basamento paleozoico de la Zona Cantábrica (Lotze, 1945; Espina, 
1994). Uno de los rasgos más característicos de las estructuras tectónicas de este 
dominio es su llamativa orientación E–O, que, a su vez, impera en las alineaciones 
orientales paleozoicas del macizo Asturiano. El segundo dominio estructural (o dominio 
oriental), que engloba a las áreas del sinclinal de Santilla y Cuchía, pertenece al borde 
noroccidental de la cuenca Vasco-Cantábrica (o Bloque Costero de Santander, según 
Barnolas y Pujalte, 2004). Las orientaciones estructurales que presenta este dominio son 
poco frecuentes en el resto de la cuenca (Feuillé y Rat, 1971; Hines, 1985), destacando 





Figura 1.3.- Mapa geológico simplificado del área de estudio en la cuenca Nor-Cantábrica. Modificado 
de Hines (1985). La línea roja A-A´’ a B-B’ indica la dirección del corte de reconstrucción estratigráfica 
mostrada en la Figura 1.5. 
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Figura 1.4.- Contexto paleogeográfico regional de la cuenca Nor-Cantábrica: A). Paleogeografía de la 
Península Ibérica durante el Cretácico Inferior. B). Esquema paleogeográfico de la zona de estudio 
durante el Cretácico Inferior. Las áreas en gris corresponden a zonas emergidas. S = Santander. 






Figura 1.5.- Corte estratigráfico mostrando la geometría reconstruída de la cuenca Nor-Cantábrica 
durante el Cretácico Inferior y las diferencias de registro sedimentario y espesores entre los principales 
dominios o áreas, en base a la cartografía geológica y a las secciones de referencia indicadas. Tomado de 
Najarro et al. (2011a y 2011b). Consultar la Figura 1.3 para la localización del corte. RN: sección de río 
Nansa; BU: sección de Bustriguado, HA-CA: sección de Hayuela-Canales, CU: sección de Suances-
Cuchía. 
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1.4.- ANTECEDENTES 
 
1.4.1.- ESTRATIGRAFÍA  
 
Los primeros antecedentes bibliográficos específicos de los materiales de edad 
Aptiense-Albiense de la zona de estudio se remontan a la segunda mitad del siglo XIX 
con los trabajos de Vernuill (1852), Maestre (1864), Carez (1881) y Puig y Sánchez 
(1888). Estos trabajos describen preferentemente los macrofósiles en un contexto 
estratigráfico de tiempo geológico y esbozan las primeras subdivisiones 
litostratigráficas.  
 
El primer trabajo que detalla la estratigrafía del Cretácico Inferior en las zonas 
de Torrelavega-Reocín, Cuchía y La Florida es el de Mengaud (1920), quien, además de 
separar con cierta precisión el Aptiense del Albiense, realiza un estudio paleontológico 
detallado con ammonites. Posteriormente, Karrenberg (1934) revisa prácticamente los 
mismos cortes que Mengaud (1920); y Ciry (1940) describe la geología general en la 
zona de estudio y al sur de la misma. 
 
En lo que puede considerarse como el inicio de una nueva etapa, Rat (1959) en 
su ya clásica Tesis Doctoral, describe y cartografía (mapa escala 1:200.000) los 
materiales mesozoicos y cenozoicos de gran parte de la cuenca Vasco-Cantábrica, 
centrando su estudio en las rocas de edad Aptiense y Albiense, con la definición de los 
complejos Urgoniano y Supraurgoniano. Aunque la presente zona de estudio queda 
fuera de los límites geográficos de la tesis de Rat, éste re-describió los afloramientos 
estudiados por Mengaud (1920) aportando nuevas dataciones.  
 
Ciry y colaboradores (1967) realizan una descripción de las unidades 
litoestratigráficas de edad Aptiense-Albiense al oeste de Torrelavega, tomando como 
referencia para el Aptiense la división de Mengaud (1920). 
 
Aguilar Tomás (1970) presenta un estudio general petrográfico y 
sedimentológico del Albiense en la zona de La Florida y dos años después Ramírez del 
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Pozo (1972) analiza la microfauna y revisa la estratigrafía del Aptiense-Albiense del 
mismo área. 
 
Los mapas geológicos a escala 1:50.000 del Proyecto MAGNA (hojas de 
Comillas (33), Torrelavega (34), Cabezón de las Sal (57), Los Corrales de Buelna (58); 
por Ramírez del Pozo et al., 1976a y 1976b; Carreras et al., 1978, 1979), suponen un 
avance significativo en la precisión con que se definen los contactos de las unidades 
cartografiables, y como se verá más adelante, en la representación de la estructura 
geológica.  
 
Collignon y colaboradores (1979) revisan de nuevo la paleontología y 
estratigrafía de los cortes estudiados por Mengaud en 1920, llegando prácticamente a las 
mismas conclusiones. 
 
Las Tesis Doctorales de Pujalte (1977) y García-Mondéjar (1979), aunque 
realizadas fuera del área de este estudio, establecen un marco estratigráfico y 
sedimentológico del Cretácico Inferior del margen ibérico de la Cuenca Vasco-
Cantábrica, que permite un reconocimiento más preciso de las facies continentales y 
marinas desde los dominios de plataforma a la cuenca. Es en este marco moderno donde 
se van a integrar tesis y trabajos estratigráficos posteriores en áreas vecinas (García-
Garmilla, 1987; Gómez-Pérez, 1994; Rosales, 1995; Aranburu, 1998; López-Horgue, 
2000). García-Mondéjar y Pujalte (1981) describen la sedimentológía del corte del Río 
Saja al oeste de Torrelavega, diferenciando las distintas unidades litoestratigráficas. Un 
año después, García-Mondéjar (1982) publica un trabajo de síntesis en el monográfico 
del Cretácico de España, donde se propone una clasificación litoestratigráfica formal de 
los materiales aptienses y albienses de la cuenca a partir de las unidades y toponimias de 
mayor uso en la bibliografía. De este modo, quedan establecidas formalmente algunas 
de las formaciones más conocidas de la zona de estudio. 
 
Pascal (1985) supone una continuación de la línea de investigación emprendida 
por Rat (1959), abarcando exclusivamente los materiales del complejo urgoniano. Este 
autor diferencia cuatro sistemas biosedimentarios en la cuenca Vasco-Cantábrica. 
Concretamente, en los materiales aflorantes en las zonas de Torrelavega-Reocín y 
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Cuchía, realiza una breve descripción sedimentológica y aporta datos bioestratigráficos 
puntuales. 
 
Hines (1985) presenta un estudio general sedimentológico de los materiales 
mesozoicos y cenozoicos al noroeste de Santander, que incluye dos columnas 
estratigráficas del Aptiense-Albiense en los afloramientos de Cuchía y de Comillas. La 
síntesis de Hines destaca por su claridad en la descripción de las unidades y las 
relaciones entre tectónica y sedimentación. En esta Tesis Doctoral se ha adoptado la 
terminología utilizada por este autor para la mayor parte de las formaciones 
litoestratigráficas de edad Aptiense–Albiense. 
 
Robador y colaboradores (1990) realizan una cartografía a escala 1:100.000, 
publicada por el IGME, de toda la Comunidad Autónoma de Cantabria construida 
principalmente a partir de las cartografías 1:50.000 del plan MAGNA, pero usando 
también la información cartográfica contenida en tesis doctorales y trabajos precedentes 
sobre el macizo Asturiano y la cuenca Vasco-Cantábrica. 
 
En esta última década, Wilmsen (2005) publica un estudio bioestratigráfico y 
sedimentológico del Aptiense Inferior en el corte de Cuchía apoyándose en los trabajos 
de Collignon et al. (1979) y Pascal (1985).  
 
Finalmente, parte de los resultados de estratigrafía, quimioestratigrafía, 
bioestratigrafía y sedimentología obtenidos durante la realización de la presente Tesis 
Doctoral se han publicado previamente: Najarro y Rosales, (2008a, 2008b y 2008c); 





Las primeras referencias significativas sobre la estructura tectónica de la zona de 
estudio se encuentran en las cartografías, dibujos panorámicos y cortes geológicos 
elaborados por Mengaud (1920), Karrenberg (1934), Lotze, (1945), Rat (1959), Pello, 
(1967); Ciry et al. (1967); Tosal (1968), Feuillée y Rat (1971) y Ramírez del Pozo 
(1971, 1972). 
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A mediados de los 70 el conocimiento estructural se acelera con la publicación 
de las cartografías geológicas a escala 1:50.000 de la serie MAGNA, mostrando los 
pliegues asociados a cabalgamientos característicos del macizo Asturiano en el área del 
Nansa, el imbricado del cabalgamiento de Comillas y los pliegues y fallas con elevación 
diapírica del Keuper que alcanzan gran desarrollo en el área de Santander. Estos mapas 
van acompañados de cortes geológicos poco profundos y un esquema de dominios 
estructurales. 
 
Por otra parte, Hines (1985) además de realizar el estudio general 
sedimentológico de los materiales mesozoicos y terciarios, elabora una síntesis tectónica 
de la zona de estudio, invocando la tectónica salina sin-extensiva como una de las 
principales causas de la variación de espesores observada.  
 
La cartografía a escala 1:100.000 de Robador y colaboradores (1990) publicada 
por el IGME es un mapa de síntesis que representa la estructura varisca y alpina de un 
área extensa como la Comunidad Autónoma de Cantabria, con un detalle comparable a 
los mapas 1:50.000 usados primordialmente para su elaboración.  
 
Cámara Rupelo (1989) y Sánchez Ferrer (1991) interpretan la estructura 
tectónica de la zona, estableciendo un modelo estructural donde cobran gran 
importancia los despegues del Keuper y el desacoplamiento entre las estructuras 
despegadas suprayacentes y las extensionales infrayacentes. 
 
La estructura de inversión alpina en el macizo Asturiano ha sido estudiada 
principalmente por el Grupo de Geofísica y Estructura de la Litosfera de la Universidad 
de Oviedo. Entre los múltiples trabajos publicados cabe destacar los de Martínez García 
(1981) y Marquínez (1989) donde definen al macizo Asturiano como un imbricado de 
cabalgamientos verticalizados de orientación E–O vergentes hacia el sur. Asimismo 
destacan los trabajos de Pulgar y Alonso (1993) y Alonso et al. (1996) donde establecen 
el primer modelo general sobre el significado estructural y el origen del relieve 
cantábrico en la transversal asturiana, confirmado posteriormente por la sísmica de 
reflexión profunda a través de la transición entre la Cordillera Cantábrica y la Cuenca 
del Duero (Pulgar et al., 1996). Asimismo, la Tesis Doctoral de Espina (1997) muestra 
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la implicación del basamento varisco de la zona más noroccidental de la cuenca Vasco-
Cantábria, tanto en los procesos extensivos que controlaron la sedimentación 
mesozoica, como en las estructuras contractivas generadas durante el acortamiento 
alpino. Como continuación en esta línea de trabajo, la Tesis Doctoral de Quintana 
(2012) se centra en la estructura de extensión e inversión tectónica del sector central de 
la cuenca Vasco-Cantábrica. Por otro lado, a la escala de la cordillera, los perfiles de 
sísmica de refracción y perfiles profundos de sísmica de reflexión llevados a cabo en el 
proyecto ESCI-N revelan la subducción parcial de la corteza ibérica hacia el norte, 
formando una raíz cortical continua en dirección E–O situada bajo los máximos relieves 
de la cordillera Pirenaico-Cantábrica (Gallástegui, 2000; Pedreira, 2005; Fernández-
Viejo y Gallástegui, 2005). 
 
La reconstrucción de la geometría extensiva de ciertos sectores de la cuenca 
Vasco-Cantábrica ha sido abordada en varias tesis doctorales y numerosos trabajos por 
un grupo del departamento de Estratigrafía y Paleontología de la Universidad del País 
Vasco, principalmente a partir de diagramas de correlación estratigráfica que muestran 
cambios de espesor y de facies de las series cretácicas en relación con flexiones y fallas. 
De interés para el presente estudio destaca el trabajo de García-Mondéjar y Pujalte 
(1981) que subdivide el dominio estructural periasturiano en cuatro sectores 
tectonoestratigráficos; Pujalte (1982) que interpreta la actividad de la falla de 
Cabuérniga desde el Jurásico Inferior y finalmente García-Mondéjar et al. (1996, 2004), 
que sintetiza la información estructural de las principales fallas sinsedimentarias, 
pliegues, diapiros y discordancias angulares durante el Aptiense–Albiense de la cuenca 
Vasco-Cantábrica, proponiendo un contexto tectónico regional de fallas en dirección 
discutido por Quintana et al. (2009a) y Quintana (2012).  
 
Entre los avances recientes sobre la estructura de la zona de estudio destacan los 
trabajos de Najarro et al. (2007, 2009) obtenidos en la elaboración de esta Tesis 
Doctoral en relación con la tectónica-sedimentación, el de Lopez-Mir y Roca (2008) 
sobre la estructura de la Banda del Nansa, el de García-Senz y Robador (2009) sobre la 
relación de la deformación entre el macizo Asturiano y el Bloque Costero de Santander 
y la conclusión del proyecto de cartografía 1:25.000 de toda la Comunidad de Cantabria 
(http://mapas.cantabria.es). Finalmente los datos y conclusiones presentados en el 
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capítulo 2 sobre la tectónica del área de estudio están en curso de presentarse como 





Las zonas de La Florida, Reocín, y Novales han sido objeto de importantes 
explotaciones mineras de Zn (Pb) asociadas a las calizas dolomitizadas del Aptiense 
Superior. Los principales trabajos que estudian estas mineralizaciones son los de 
Bustillo y Ordoñez (1980; 1985, 1995), Vadala (1981), Vadala et al. (1981), Barbanson 
et al. (1983), Bustillo (1983, 1984, 1985), Saulas et al. (1986), Barbanson (1987), 
Herrero y Velasco (1988), Robador et al. (1990); Velasco et al. (2003), Grandia et al. 
(2003), Symons et al. (2009) entre otros. Recientemente se han publicado varios 
artículos sobre la petrografía de las dolomías que forman el encajante, entre los que 
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1.5.- METODOLOGÍA 
 
La metodología utilizada para alcanzar los objetivos planteados ha sido la propia 
de la geología sedimentaria y quimioestratigrafía. La descripción detallada de los 
métodos utilizados se encuentra descrita en los distintos artículos científicos, y se 
resume siguiendo los pasos que se exponen a continuación agrupados en: trabajo de 
campo, trabajo de laboratorio y trabajo de gabinete.  
 
Trabajo de Campo:  
 
- Reconocimiento y seguimiento cartográfico de las principales unidades 
estratigráficas previamente descritas en la bibliografía, comprobando su 
distribución espacial, cambios laterales de facies y espesores y su validez para 
los distintos sectores de la zona de estudio, así como método para la 
localización de nuevas secciones y descripción de unidades inéditas. Para ello 
se ha partido de trabajos cartográficos previos a escala 1:100.000 (Mapa 
Geológico de Cantabria, ITGE-Diputación Regional de Cantabria) y 1:50.000 
(hojas 33-Comillas, 34-Torrelavega, 57-Cabezón de la Sal, 58-Los Corrales de 
Buelna del Mapa Geológico de España, serie Magna, IGME) y en la etapa final 
de esta Tesis se han consultado las recientes cartografías 1:25.000 de Cantabria 
del IGME-Gobierno de Cantabria. Además se ha utilizado como base de trabajo 
las ortofotografías aéreas de los vuelos a escala 1:10.000 de los años 2001 y 
2004, y la topografía digital restituída a escala 1:5.000 de la Dirección General 
de Ordenación del Territorio y Urbanismo del Gobierno de Cantabria.  
- Simultáneamente al estudio estratigráfico y seguimiento cartográfico de las 
unidades estratigráficas, se han llevado a cabo labores de prospección 
paleontológica para la búsqueda de fósiles datadores y de yacimientos 
fosilíferos. Ésta se ha basado en la observación de la riqueza paleontológica de 
las diferentes unidades estratigráficas. 
- Levantamiento de columnas estratigráficas: se han levantado un total de 15 
columnas estratigráficas generales a escala decimétrica y métrica (Figura 1.1), 
tomando observaciones de litología, espesor, estructuras sedimentarias y 
contenido paleontológico. 
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- Estudio centrado en el análisis de facies sedimentarias para la caracterización de 
ambientes de depósito y de su distribución espacial y temporal. 
- Reconocimiento y seguimiento cartográfico de discontinuidades estratigráficas, 
secuencias de depósito y niveles guía de correlación estratigráfica. 
- Reconocimiento de campo de fallas y pliegues sinextensivos y elaboración de 
cortes de correlación estratigráfica con el fin de reconstruir la cuenca de 
depósito.  
- Muestreos litológicos y palentológicos. Según su finalidad se han realizado 7 
tipos de muestreos diferentes: 1) recogida sistemática de muestras de mano de 
diferentes niveles estratigráficos para la realización de láminas delgadas y su 
posterior estudio de microfacies y fases diagenéticas; 2) recogida de muestras 
de marga y caliza a intervalos regulares métricos y decimétricos del intervalo 
Aptiense Inferior de tres secciones estratigráficas (Río Nansa, Rábago y 
Cuchía) para su posterior análisis quimioestratigráfico del contenido de 
carbonato cálcico, carbono orgánico total (TOC), isótopos estables de O y C en 
la fracción de carbonato (G13Ccarb y G18Ocarb) e isótopos estables de C de la 
fracción de materia orgánica (G13Corg); 3) recogida de muestras de margas a 
intervalos métricos para el posterior estudio del contenido de microfósiles 
(foraminíferos planctónicos y nanoplacton calcáreo), 4) recogida de muestras de 
lutitas y margas de diferentes unidades estratigráficas para su posterior estudio 
del contenido en palinomorfos; 5) donde ha sido posible, recolección de 
macrofósiles datadores, principalmente ammonoideos, con fines 
biostratigráficos; y 6) recolección de muestras de ámbar y restos carbonosos 
para estudios paleontológicos y biogeoquímicos y de madurez térmica. 
- Organización y participación de excavaciones paleontológicas: a raíz del 
descubrimiento, como resultado de las labores de prospección de esta Tesis 
Doctoral, del yacimiento de ámbar con contenido fosilífero de El Soplao, se ha 
participado en las labores de organización y ejecución de 3 campañas de 
excavaciones paleontológicas en octubre de 2008, marzo de 2009 y julio de 
2009. Las muestras más grandes (masas de hasta 30 cm de diámetro) fueron 
extraídas manualmente, mientras que para la extracción de muestras 
centimétricas se utilizó una retro-excavadora y un sistema de lavado y tamizado 
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del sedimento con agua a presión y ayuda de pequeñas hormigoneras, para 
separar el ámbar del sedimento por flotación. Con este procedimiento se 
recogieron varias decenas de kilos de fragmentos variados y grandes masas de 
ámbar y restos vegetales que han proporcionado una nutrida colección de 
muestras que dieron lugar a la exposición itinerante “El largo viaje del ámbar de 
El Soplao” organizada por el Gobierno de Cantabria, y cuyas bioinclusiones 
están siendo fruto de intensa investigación específica por especialistas 
paleoentomólogos fuera del ámbito de esta Tesis.  
 
Trabajo de laboratorio: 
 
Se han realizado métodos de estudio petrográfico, metódos analíticos y métodos 
de estudio paleontológico: 
 
a) Métodos de estudio petrográfico: 
- Estudio petrográfico bajo microscopio de luz reflejada y transmitida: se han 
estudiado más de 250 láminas delgadas pulidas bajo microscopio petrográfico 
para el estudio de microfacies (composición, textura y contenido fosilífero) y 
diagenético de las muestras de mano recogidas. Las láminas delgadas han sido 
realizadas en el Área de Laboratorios y Servicios del Instituto Geológico y 
Minero de España. Para el estudio petrográfico se ha utilizado un microscopio 
Nikon Eclipse LV 100Pol. El análisis petrográfico mediante microscopía de luz 
reflejada y de luz ultravioleta, se ha realizado con el mismo equipo al que se le 
acopló una lámpara Power supply Nikon UN2-PSE100 mediante un adaptador 
TE-AT Double Lamphouse, y una fuente de luz Super high pressure mercury 
lamp power Nikon C- SHG1. Para la caracterización de las microfacies de rocas 
carbonatadas se ha seguido la clasificación textural de Dunham (1962) con las 
modificaciones de Embry y Klovan (1971). 
- Análisis de láminas delgadas mediante microscopía de catodoluminiscencia 
(CL). El equipo empleado ha sido un microscopio Nikon Eclipse E400 Pol 
acoplado a una unidad Technosyn Cold Cathodoluminescence CL8200 MK5 y a 
una bomba de vacío Alcatel Pascal 2005 SD. Los análisis se realizaron a 13 Kv, 
con corriente entre 400 y 500 PA y con una presión de vacío de 
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aproximadamente 0,005 Torr. El estudio se realizó en varias láminas delgadas 
seleccionadas entre las previamente estudiadas mediante métodos de análisis 
petrográfico. Su principal objetivo fue el estudio y caracterización de diferentes 
fases de disolución y precipitación de cementos, ayudando a establecer la 
historia diagenética temprana y a reconocer etapas de exposición subaérea para 
la caracterización de límites de secuencia. En ambos microscopios se tomaron 
imágenes fotomicrográficas con una cámara digital Nikon Digital Sight DS-5m 
y una pantalla Nikon Digital Sight DS-L1. 
 
b) Métodos analíticos: 
- Recolección de micromuestras para análisis geoquímicos mediante un 
microtaladro de dentista equipado con fresas de carburo de tungsteno, acoplado 
a una lupa binocular Nikon SM7 1500. Se extrajeron aproximadamente 50 mg 
por muestra. 
- Molienda de muestras de marga de mayor tamaño para análisis geoquímicos 
mediante un molino de bolas. 
- Los análisis de isótopos estables de C y O (G13C y G18O) del carbonato fueron 
realizados en el Servicio General de Isótopos Estables de la Universidad de 
Salamanca, mediante un espectrómetro de masas de fuente gaseosa, modelo 
SIRA-II, equipado con un sistema automático “ISOCARB”. Para recoger el 
CO2, las muestras fueron atacadas con ácido ortofosfórico al 100% (H3PO4) 
siguiendo el método convencional de digestion de McCrea (1950). Los 
resultados se expresan usando la anotación usual G, en ‰ en relación al estándar 
Viena Pee Dee Belemnite (V-PDB). La precisión derivada de múltiples análisis 
del estándar internacional NBS-19 (National Bureau of Standards; G13C = 
1,95‰ y G18O = –2,20‰) fue de 0,01‰ para el G13C y 0,05‰ para el G18O. 
- Los análisis de isótopos estables de C (G13Corg) de la materia orgánica contenida 
en las mismas muestras se realizaron en el Laboratorio de Isótopos Estables de 
la Universidad de East Anglia (GB). Para este estudio, la fracción carbonatada 
de las muestras fue removida previamente mediante digestión ácida repetida en 
una solución al 10% de ácido hidroclórico. Una vez lavados los residuos con 
agua destilada se secaron en un horno a 50–80ºC y se analizaron con un equipo 
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Finnigan Delta Plus XP en línea con un analizador elemental Costech. Para 
calibrar el equipo se utilizó un estándar interno con una precisión de 0,1‰ 
(n=12). 
- Los análisis de contenido total de carbono orgánico (TOC) y carbonato cálcico 
(CaCO3) se han determinado en los Servicios de Arsidad de La Coruña, 
mediante el uso de un analizador Carbo Erba EA1108. 
- Estudio bioquímico comparativo de muestras de ámbar y restos vegetales en 
colaboración con el Dr. Cesar Menor-Salván (Centro de Astrobiología, CSIC-
INTA). El estudio se llevó a cabo mediante la extracción durante 8 horas con un 
solvente orgánico (CH2Cl2:CH3OH, 3:1) de 150 gramos de ámbar 
especialmente seleccionado por su homogeneidad y ausencia de inclusiones. El 
extracto orgánico se sometió a un fraccionamiento por cromatografía flash 
utilizando columnas de sílice polares, separándose cuatro fracciones mediante 
elución secuencial con n-hexano, n- hexano:diclorometano (3:1), diclorometano 
y metanol. Las dos primeras (A y B) contienen hidrocarburos saturados y 
aromáticos. La tercera (C) es una fracción polar formada por terpenoides 
fenólicos. La cuarta (D) contiene los terpenoides ácidos. Las fracciones C y D 
se derivaron por sililación con N, O-bis-(trimetilsilil) trifluoroacetamida 
conteniendo 1% de trimetilclorosilano. Los trimetilsilil esteres resultantes se 
analizaron mediante cromatografía de gases acoplada a espectrometría de masas 
(GC-MS) en las mismas condiciones. En paralelo se lleva a cabo el análisis de 
la fracción orgánica extraíble de hojas fósiles, especialmente de Frenelopsis sp., 
conífera mayoritaria en el depósito de El Soplao y de azabache del yacimiento. 
En base a este método se han estudiado los terpenoides y otros biomarcadores 
específicos retenidos en las muestras. Dado que estas moléculas específicas son 
características de cada taxón biológico (quimiotaxonomía), el estudio ha 
permitiendo estimar su origen botánico mediante la comparación de los 
biomarcadores retenidos en el ámbar y en los otros restos vegetales fósiles. 
- Estudio biogeoquímico de muestras de marga del Aptiense Inferior del área de 
estudio, llevado a cabo en colaboración con los Drs. María Luisa Quijano 
(Dpto. de Química Inorgánica y Orgánica) y José Manuel Castro (Dpto. de 
Geología) de la Universidad de Jaén, con el fin de caracterizar la naturaleza de 
la materia orgánica y realizar un estudio preliminar de su composición 
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molecular (biomarcadores). Para ello se ha realizado un proceso de extracción 
de la materia orgánica mediante una mezcla de diclorometano-metanol (80:20) 
durante 48 horas en un Soxhlet. El extracto obtenido se ha analizado mediante 
cromatografía de gases-espectrometría de masas (CG-MS) utilizando un 
cromatógrafo de gas Thermo DSQ II conectado a un espectrómetro de masas 
Thermo Trace Ultra en el Centro de Instrumentación Científica de la 
Universidad de Jaén. Los extractos se separaron en tres fracciones mediante 
columnas de sílice: hidrocarburos saturados, compuestos aromáticos y 
compuestos polares. Los biomarcadores de cada fracción fueron identificados 
por comparación de tiempos de retención y espectros de masas en bases de 
datos de compuestos bioquímicos. 
 
c) Métodos de estudio paleontológico: 
- Estudio y determinación de asociaciones de ammonites del Aptiense en 
colaboración con los Drs. Josep Anton Moreno-Bedmar (Universidad de 
Barcelona, actualmente en la Universidad Nacional Autónoma de México) y Dr. 
Miquel Company (Universidad de Granada). La colección de ammonites 
recolectados y determinados está actualmente depositada en las Colecciones de 
Paleontología de la Universidad Autónoma de Barcelona (PUAB) y en el 
Museo Geominero (IGME) de Madrid. Para este estudio se revisaron además 
algunos especímenes adicionales procedentes de las unidades estudiadas y 
pertenecientes al Museo Geológico del Seminario de Barcelona (MGSB) y a 
una colección particular (Manuel Díaz, Cantabria). Las muestras más 
representativas de ammonoideos se han fotografiado digitalmente, para lo cual 
se ha procedido a blanquearlas previamente con óxido de manganeso para 
acentuar el contraste de la ornamentación. 
- Estudio y determinación de asociaciones de foraminíferos planctónicos y 
nanofósiles calcáreos de materiales del Aptiense Inferior en colaboración con el 
Dr. Gines de Gea (Universidad de Jaén). Las asociaciones de foraminíferos 
planctónicos se estudiaron a partir de 40 muestras de marga tomadas 
sistemáticamente a intervalos de 1 metro a lo largo de una sección (sección de 
Cuchía). En el resto de las secciones, los foraminíferos planctónicos fueron 
escasos o estaban muy mal preservados. Posteriormente las muestras fueron 
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disgregadas, lavadas y tamizadas en tres fracciones (> 200Pm, 100-200 Pm, 50-
100 Pm). Los foraminíferos obtenidos se determinaron mediante microscopio 
óptico y microscopio electrónico de barrido (SEM). Para el estudio de 
asociaciones de nanoplancton calcáreo se procesaron 55 muestras de margas 
procedentes de dos secciones (Cuchía y Río Nansa) mediante técnicas estándar 
y se estudiaron mediante microscopio de luz polarizada usando un aumento de 
1250x. Para la determinación de biozonas y límites de zonas se usaron los 
eventos bioestratigráficos citados en Applegate y Bergen (1988) y en Aguado et 
al. (1999). 
- Determinación de asociaciones de foraminíferos bentónicos en lámina delgada 
de materiales del Aptiense, en colaboración con los Drs. José Manuel Castro 
(Universidad de Jaén), Idoia Rosales (IGME) y Felix Schlagintweit 
(Universidad de Munich). 
- Estudio y determinación de asociaciones de palinomorfos en materiales del 
Aptiense y Albiense en colaboración con el Dr. Eduardo Barrón (IGME). Para 
este estudio se han procesado y analizado un total de 20 muestras de diferentes 
unidades estratigráficas del Aptiense y Albiense. Las muestras fueron 
procesadas y preparadas bajo petición en el laboratorio ALICONTROL 
(Madrid) siguiendo la técnica de preparación palinológica estándar descrita en 
Batten (1999) que consiste en un ataque ácido con HCl, HF y HNO3 a 
temperatura alta. A continuación se concentra y tamiza el residuo a través de 
matices con diferentes diámetros de malla y se montan las muestras en glicerina 
sobre soportes de cristal. Las muestras se estudiaron con un microscopio 
Olympus BX51. No todas las preparaciones de muestras dieron asociaciones 
bien preservadas e incluso algunas fueron estériles. 
- Estudio del contenido de bioinclusiones fósiles en ámbar (principalmente 
artrópodos) en colaboración con el Dr. Enrique Peñalver (IGME), y el grupo del 
Dr. Xavier Delclòs (Universidad de Barcelona). 
- Estudio taxonómico de macro restos paleobotánicos de las unidades 
ambarígenas en colaboración con los Drs. Bernard Gomez y Véronique 
Daviero-Gomez (Universidad de Lión). 
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Trabajo de Gabinete:  
- Recopilación bibliográfica regional del Cretácico Inferior del sector 
noroccidental de la cuenca Vasco-Cantábrica y específica relativa a los 
diferentes temas de estudio tratados en la Tesis. 
- Elaboración de columnas estratigráficas y cortes de correlación a partir de los 
datos de campo. Toda la información generada ha sido informatizada y 
redibujada con el programa gráfico Corel Draw.  
- El contorneo de isopacas limitadas por fallas se ha realizado con los programas 
GeoCap y 3DField. 
- Elaboración de cortes estratigráficos con el programa Move (Midland valley). 
- Los datos analíticos geoquímicos han sido tratados y representados 
gráficamente en la hoja de cálculo Microsoft Excel. 
- Preparación de resultados y redacción de trabajos para su publicación y 
















  - 44 - 
                                                                                                           Capítulo 1: Introducción 
                                                                                                                                                                     
1.6.- REFERENCIAS 
 
Agirrezabala, L.M. (1996). El Aptiense-Albiense del Anticlinorio Nor-Vizcaíno entre 
Gernika y Azpitia. Tesis Doctoral, Universidad del País Vasco, 429 p. 
Aguado, R., Castro, J.M., Company, M. & Gea de, G.A. (1999). Aptian bio-events –an 
integrated biostratigraphic analysis of the Almadich Formation, Inner Prebetic 
Domain, SE Spain. Cretaceous Research v. 20, p. 663-683. 
Aguilar Tomás, M.J. (1970). Sedimentología y Paleogeografía del Albense de la Cuenca 
Cantábrica. Tesis Doctoral, Facultad de Ciencias, Universidad de Barcelona. 
Alonso, J.L., Pulgar, J.A., García Ramos, J.C. & Barba, P. (1996). Tertiary basins and 
Alpine tectonics in the Cantabrian Mountains (NW Spain). En: P.F. Friend & 
C.J. Dabrio (ed.), Tertiary basins of Spain The stratigraphic records of crustal 
kinematics, Cambrige Univerity Press, Cambridge, p. 214-227. 
Alonso, J.L., Pulgar, J.A. & Pedreira, D. (2007). El relieve de la Cordillera Cantábrica. 
Enseñanza de las Ciencias de la Tierra, v.15, n.2, p. 151-163. 
Aranburu, A. (1998). El Aptiense-Albiense de Trucíos-Güeñes (oeste de Vizcaya). Tesis 
Doctoral, Universidad del País Vasco, 606 p.  
Applegate, J.L. & Bergen, J.A. (1988). Cretaceous calcareous nannofossil 
biostratigraphy of sediments recovered from the Galicia Margin, ODP leg 103. 
En: G. Boillot, E.L. Winterer, et al. (ed.), Proceedings of the Ocean Drilling 
Program, Scientific Results v. 103, p. 293-348. 
Barbanson, L. (1987). Les mineralizations Zn-Pb-Ba-Hg-Cu de socle et couverture 
carbonatés de la province de Santander (Nord de l’Espagne). Tesis Doctoral. 
Universidad de Orleans, 291 pp.  
Barbason, L., TourayJ.C., Saulas, D. & Vadala, D. (1983). Distribution a differentes 
echelles et chronologie relative des carbonates de l’Aptien de la province de 
Santander: relation entre aureole ferrifere et mineralisations Zn-Pb dyu type 
Reocín. Chronique de la Recherche Miniere, v. 51 (473), p. 39-48. 
Barnolas, A. & Pujalte, V. (2004). La Cordillera Pirenaica: Definición límites y 
división. En: Geología de España (J.A. Vera, ed.), SGE-IGME, p. 233-2241. 
Batten, D.J. (1999). Chapter 20E. Upper Jurassic and Cretaceous Miospores. En: 
Palynology: Principles and Applications (Eds. J. Jansonius and D.C. McGregor). 
  - 45 - 
                                                                                                           Capítulo 1: Introducción 
                                                                                                                                                                     
American Association of Stratigraphic Palynologists Foundation, Salt Lake City, 
v. 2, p. 807–830. 
Boillot, G. (1984). Some remarks on the continental margins in the Aquitaine and 
French pyrinees. Geological Magazine, v. 121, p. 407-412. 
Boillot, G. (1986). Comparison between the Galicia and Aquitaine and French 
Pyrenees. Geological Magazine, v. 121, p. 407-412. 
Boillot, G., Auxietre, J.L., Dunand, J.P., Dupeuble, P.A. & Mauffret, A. (1979). The 
northwestrn Iberian margin a Cretaceous passive margin deformed during 
Eocene. Maurice Ewing Ser. Am. Geophys. Union, v. 3, p. 138-153. 
Boillot, G. & Capdevilla, R. (1977). The pyrénées: Subduction and Collision?. Earth 
and planetary Science Letters, v. 95, p. 151-160. 
Biollot, G. & Malod, J. (1988). The north and northwest Spanish continental margin a 
review. Revista de la Sociedad Geologica de España, v. 1 (3-4), p. 296-316. 
Burla, S., Heimhofer, U., Hochuli, P.A., Weissert, H. & Skelton, P. (2008). Changes in 
sedimentary patterns of coastal and deep-sea successions from the North 
Atlantic (Portugal) linked to Early Cretaceous environmental change. 
Palaeogeography, Palaeoclimatology, Palaeoecology, v. 257 (1-2), p. 38-57. 
Bustillo, M. (1983). Breve síntesis delas texturas presentes en las mineralizaciones de 
Zn-(Pb) del yacimiento de Reocín (Cantabria). Revista de Materiales y Procesos 
Geológicos, v.1, p. 329-330. 
Bustillo, M. (1984). Estudio petrológico y geoquímico de la smineralizaciones de Zn-Pb 
del Cretácico Inferior (Aptiense) de Cantabria (zona oeste). Tesis Doctral. 
Universidad Complutense de Madrid, 403 pp. 
Bustillo, M. (1985). Contribución al conocimiento de las mineralizaciones Pb-Zn del 
tipo reocín en el sector oeste de Cantabria. Estudios Geológicos, v. 41, p. 127-
138. 
Bustillo, M. & Ordoñez, S. (1980). Posible origen diagenético de los sulfuros 
sedimentarios en facies carbonáticas (provincia metaogénetica de Cantabria). 
Revista del Instituto de Investigaciones Geológicas (Universidad de Barcelona), 
v. 34, p. 339-349. 
Bustillo, M. & Ordoñez, S. (1985). Los yacimientos Pb-Zn del tipo Reocín en el sector 
oeste de Cantabria. Estudio comparativo y aspectos genéticos. Boletín del ITGE, 
v. XCVI-VI, p. 626-631. 
  - 46 - 
                                                                                                           Capítulo 1: Introducción 
                                                                                                                                                                     
Bustillo, M. & Ordoñez, S. (1995). Lower Cretaceous Pb-Zn ores of Cantabria, northern 
Spain. Transactions of the Institution of Mining and Metallurgy Section B. 
Applied Earth Sciences, v. 104, p. 55-65. 
Cámara Rupelo, P. (1989). La terminación estructural occidental de la Cuenca Vasco-
Cantábrica. Libro Homenaje a Rafael Soler. AGGEP, Madrid, p. 27-35. 
Carez, L. (1881). Etude des terrains cretaces et Tertiares du Nord de l´Spagne. Tesis 
Doctoral. Paris, Francia, 323 pp. 
Carreras, F.J., Aguilar, M.J., Ramírez del Pozo, J., Giannini, G. & Pujalte, V. (1978). 
Hoja geológica número 57. Cabezón de la Sal. Mapa geológico de España, 
escala 1:50.000, Serie MAGNA, IGME. 
Carreras, F.J., del Olmo, P., Portero García, J.M., Ramírez del Pozo, J., Giannini, G. & 
Aguilar, M.J. (1979). Hoja geológica número 58. Los Corrales de Buelna. Mapa 
geológico de España, escala 1:50.000, Serie MAGNA, IGME. 
Choukroune, P. & Mattauer (1978). Tectonique des plaques et Pyrénées: sur le 
fonctionnrmrnt de la faille transformante nord-pyrénéenne: comparisons avec 
des modèles actuels. Bull. Soc. Geol. France, v. 5, p 689-700. 
Ciry, R. (1940). Etude géologique d'une partie des provinces de Burgos, Palencia, León 
et Santander. Thèse Fac. Sci. Paris, Bzrll. Soc. Ilist. Snt. Toulouse, T. 74. 
Ciry, R., Rat, P., Mangin, J.P., Feuillee, P., Amiot, M., Colchen, M. & Delance J.H. 
(1967). Reunion Extroardinaire de la Societé Géologique de la France en 
Espagne, des Pyrinées aux Asturies. Compte Rendu Sommaire des Séances de la 
Societé Géologique de la France, v. 9, p. 389-444. 
Coffin, M. F. & Eldhom, O. (1994). Large igneous provinces:crustal structures, 
dimensions and external consequences. Rev. Geophys, v. 32, p. 1-36. 
Collignon, M., Pascal., A., Peybernès, B. & Rey J. (1979). Faunes d’ammonites de 
l’aptien de la Région de Santander (Espagne). Annales de Paléontologie, v. 65, 
fasc. 2, p. 139-156. 
Dunham, J. (1962). Classication of carbonate rocks according to depositional texture. 
En: W.E. Ham (ed.), Classification of carbonate rocks. Am. Ass. Petrol. Geol. 
Mem., 1, p. 108-121. 
Dumitrescu, M., Brassell, S.C., Schouten, S., Hopmans, E.C. & Damsté, J.S.S. (2006). 
Instability in tropical Pacific sea-surface temperatures during the Early Aptian. 
Geology v. 34, p. 833-836. 
  - 47 - 
                                                                                                           Capítulo 1: Introducción 
                                                                                                                                                                     
Embry, A.F. & Klovan, J.E. (1971). A Late Devonian reef tract on northeastern Banks 
Island, Northwest Territories. Bull. Can. Pet. Geol, v. 33, 730–781 
Erba, E. (1994). Nannofossils and ‘superplumes’: the Early Aptian Nannoconid crisis. 
Paleoceanography, v. 3, p. 483-501. 
Espina, R.G. (1994). Extensión mesozoica y acortamiento alpino en el borde occidental 
de la Cuenca Vasco Cantábrica. Cuadreno Lab. Xeolóxico de Laxe, v. 19, p. 
137-150. 
Espina, R.G. (1996). Tectónica extensional en el borde ocidental de la Cuenca Vasco-
Cantábrica (Cordillera Cantábrica, NO de España). Geogaceta, v, 20 (4), p. 890-
892. 
Espina, R.G. (1997). La estructura y evolución tectonoestratigráfica del borde 
occidental de la Cuenca Vasco-Cantábrica (Cordillera Cantábrica, NO de 
España). Tesis Doctoral. Universidad de Oviedo. 230 p. 
Essalhi, M., Sizaret, S., Barbason, L., Chen, Y., Branquet, Y., Panis, D., camps, P., 
Rochette, P. & Canals, A. (2009). Track of fluid paleocirculation in dolomite 
host rocks at regional scale by the anisotropy of magnetic susceptibility (AMS): 
an example from Aptian carbonates of La Florida, northern Spain. Earth and 
Planetary Sciences Letters, v. 277 (3-4), p. 501-513.  
Fernández-Mendiola, P.A. (1986). El complejo urgoniano en el sector oriental del 
Anticlinorio de Bilbao. Tesis Doctoral, Universidad del País Vasco, 421 p. 
Fernández-Viejo, G. & Gallástegui. J. (2005).The ESCI-N Project after a decade: a 
synthesis of the results and open questions. Trabajos de Geología, Univ. Oviedo, 
v. 25, p. 9-25.  
Feuillée, P. & Rat, P. (1971). Structures et paléogéographies Pyrénéo-Cantabriques. En: 
Histoire Structurale du Golfe de Gascogne. Publication de l’Institute Français du 
Pétrole. Collection Colloque et Séminaires, ed. Technip, Paris, v. 22, p. 1-1 v. 1-
48. 
Floquet, M. & Rat, P. (1975). Un example de interrelation entre socle, paléogéographie 
et structures dans l’arc pyrénéen basque: La Sierra de Aralar. Rev. Geogr. Phys. 
Géol. Dyn., v. 17, p. 497-512. 
Föllmi K.B., Godet, A., Bodin, S. & Linder, P. (2006). Interactions between 
environmental change and shallow water carbonate buildup along the northern 
Tethyan margin and their impact of the early Cretaceous carbon isotope record. 
Paleoceanography, v. 21, p. 4211-4226. 
  - 48 - 
                                                                                                           Capítulo 1: Introducción 
                                                                                                                                                                     
Föllmi, K.B., Weissert, H., Bisping, M. & Funk, H. (1994). Phosphogenesis, carbon-
isotope stratigraphy and carbonate platform evolution along the Lower 
Cretaceous northern Tethyan margin. Geological Society of American Bulletin, 
v. 106 (6), p. 729-74. 
Gallástegui, J. (2000). Estructura cortical de la cordillera y margen continental 
cantábricos.: Perfiles ESCI-N. Trabajos de Geología, Univ. Oviedo, v. 22, p. 9-
234. 
Garcia-Garmilla, F. (1987). Las formaciones terrígenas del weladense y del Aptiense 
Inferior en los anticlinorios de Bilbao y Ventoso (Bizcaia, Cantabria): 
Estratigrafía y sedimentación. Tesis Doctoral, Universidad del País Vasco. 340 
pp. 
García-Mondéjar, J. (1979a). Nueva interpretación estratigráfica de del Complejo 
Urgoniano en el área SW de la región Vasco-Cantábrica. Acta Geológica 
Hispánica, v. 4, p. 223-228. 
García-Mondéjar, J. (1979b). "El Complejo Urgoniano del Sur de Santander". Ann. 
Arbor Michigan University Microfilms Intemational, 1980. 673 p. 
García-Mondéjar, J. (1982). Aptiense y Albiense. Región Vasco-Cantábrica y Pirineo 
navarro. En: A. García (ed.), El Cretácico de España. Madrid, Universidad 
Complutense, p. 63-76. 
García-Mondéjar, J. (1989). Strike-slip subsidence of the Basque-Cantabrian basin of 
northern Spain and its relationship to Aptian-Albian opening of Bay of Biscay. 
En: A.J. Tankard & H.R. Balkwill (ed.), Extensional tectonics and Stratigraphy 
of the north Atlantic Margins. Mem. Am. Ass. Petrol. Geol, v. 46. pp. 395-409. 
García-Mondéjar, J. (1990). The Aptian-Albian carbonate episode of the Basque- 
Cantabrian Basin (northern Spain): general characteristics, controls and 
evolution. En: M.E. Tucker, J.L. Wilson, P.D. Crevello, J.F. Sarg & J.F. Read 
(ed.), Carbonate Platforms: Facies, Sequences and Evolution. Blackwell, IAS, 
Sp. Publ., v.9, p. 257-290. 
García-Mondéjar, J. (1996). Plate reconstruction of the Bay of Biscay. Geology, v. 24, 
n. 7, p. 635-638. 
García-Mondéjar, J., Agirrezabala, L.M., Aranburu, A., Fernández-Mendiola, P.A., 
Gómez-Pérez, I., López-Horgue, M. & Rosales, I. (1996). Aptian–Albian 
tectonic pattern of the Basque-Cantabrian Basin (northern Spain). Geological 
Journal, v. 31, p. 13-45. 
  - 49 - 
                                                                                                           Capítulo 1: Introducción 
                                                                                                                                                                     
García-Mondéjar, J., Fernández-Mendiola, P.A., Agirrezabala, L.M., Aramburu, A., 
López-Horgue, M.A., Iriarte, E. & Martinez de Rituerto, S. (2004). El Aptiense-
Albiense de la Cuenca Vasco-Cantábrica. En: Geología de Espa.a (J.A. Vera, 
ed.), SGE-IGME, p. 291-296.  
García-Mondéjar, J. & Pujalte, V. (1981). El Jurásico Superior y el Cretácico Inferior de 
la región Vasco-Cantábrica (parte occidental). Libro de guía de jornadas de 
campo, 9-12 septiembre 1982. Grupo español del Mesozoico. P.I.G.C. Mid 
Cretaceous Events. Dpto. de Geología, 133 pp. 
García-Senz, J. & Cañas Pernández, V. (2013a). Hoja del Mapa Geológico 1:25.000 de 
la Comunidad Autónoma de Cantabria, nº 33-3 San Vicente de La Barquera. 
IGME y Gobierno de Cantabria. 
García-Senz, J. & Cañas Pernández, V. (2013b). Hoja del Mapa Geológico 1:25.000 de 
la Comunidad Autónoma de Cantabria, nº 33-4 Comillas. IGME y Gobierno de 
Cantabria. 
García-Senz, J. & Merino-Tomé, O. (2011). Hoja del Mapa Geológico 1:25.000 de la 
Comunidad Autónoma de Cantabria, nº 51-1 Puentenansa. IGME y Gobierno de 
Cantabria. 
García-Senz, J. & Robador, A. (2009). Variation in structural style at a lateral 
termination of a basement-involved wedge: the margin of the West Cantabrian 
basin. 6º Simposio sobre el Margen Ibérico Atlántico, Oviedo, España, p. 61-64.  
Gómez-Pérez, I. (1994). El modelo de la plataforma carbonatada-cuenca de Goebea 
(Aptiense Superior-Albiense). Tesis Doctoral, Universidad del País Vasco, 443 
pp.  
Gräfe, K.U. (1994). Sequence stratigraphy in the Cretaceous and Paleogene (Aptian to 
Eocene) of the Basque-Cantabrian Basin (N Spain). Tübinger Geowiss. Arb., v. 
18, 418 p.  
Grandia, F., Canals, A., Cardellach, E., Banks, D.A. & Perona, J. (2003). Origing of 
ore-forming brines in sediment hosted Zn-Pb deposits if the Basque-Cantabrian 
Basin, Northern Spain. Economy Geology, v. 98, p. 1397-1411. 
Grimaud, S., Boillot, G., Collette, B.J., Mauffret, A., Miles, P.R. & Roberts, D.B. 
(1982). Western extensión of the Iberian-European plate Boundary during the 
Early Cenozoic (Pyrenean) convergence: a new model. Marine Geology, v. 45, 
p. 63-77.   
  - 50 - 
                                                                                                           Capítulo 1: Introducción 
                                                                                                                                                                     
Haq, B.U., Hardenbol, J. & Vail, P.R. (1988). Mesozoic and Cenozoic 
chronostratigraphy and cycles of sea-level change. En: C.K. Wilgus, B.S. 
Hastings, C.G.St.C. Kendall, H.W. Posamentier, C.A. Ross & J.C. Van Wagoner 
(ed), Sea-level Changes: An Integrated Approach. S.E.P.M. Special publication. 
n. 42, p. 71í108. 
Herrero, J.M. & Velasco, F. (1988). Tipología de los yacimientos de Fe y Pb-Zn-F (Ba) 
de la Cuenca cretácica Vasco-Cantábrica. Bol. Soc. Española de Mineraloga, v. 
11, p. 176-178. 
Hines, F.M. (1985). Sedimentation and tectonics in north-west Santander. En: M.D. 
Milá & J. Rosell (ed.), 6th European Regional Meeting, Excursion Guidebook, 
,QWHUQDWLRQDO$VVRFLDWLRQRI6HGLPHQWRORJLVWVSí 
Huerta Carmona, (2009). Hoja del Mapa Geológico 1:25.000 de la Comunidad 
Autónoma de Cantabria, nº 57-2 Cabezón de la Sal. IGME y Gobierno de 
Cantabria. 
Iriarte, E. (2004). La depresión intermedia entre Leitza y Elizondo (Pirineos 
occidentales): esratirafía y relaciones tectónica-sedimentación durante el 
Cretácico. Tesis Doctoral. Universidad del País Vasco. pp. 310. 
Jenkyns, H.C. (2003). Evidence for rapid climate change in the Mesozoic-Palaeogene 
greenhouse world. The Royal Society of London, v. 361, p. 1885–1961. 
Karrenberg, H. (1934). Die postvariche entwicklung des Cantabro-Asturiche gebirees 
(Nordwestpanien). Publ. Extr. Geol. España (CSIC), v. 3, p. 103-225. 
Larson, R.L. & Erba, E. (1999). Onset of the Mid-Cretaceous greenhouse in the 
Barremian–Aptian: igneous events and the biological, sedimentary and 
geochemical response. Paleoceonography, v. 14 (6), p. 663-678. 
Larrondo Echevarria, E., Mediato Arribas, F.F. & Hernainz Huerta, P.P. (2008). Hoja 
del Mapa Geológico 1:25.000 de la Comunidad Autónoma de Cantabria, nº 34-4 
Renedo. IGME y Gobierno de Cantabria. 
Le Pichon, X., Bonnin, J., Francheteau, J. & Sibuet, J.C. (1971). Une hypothèse 
d’evolution tectonique du Golfe de Gascogne. En: J. Debycer, X. Le Pichon & 
L. Montardet (ed.), Histoire structurale du Golfe de Gascogne. Technip, Paris, v. 
2, p. 11.1-11.44.  
López-Cilla, I., Rosales, I., Gasparrini, M. & Martín-Chivelet, J. (22013). Diagenesis of 
Lower Cretaceous platform carbonates from the northwestern margin of the 
  - 51 - 
                                                                                                           Capítulo 1: Introducción 
                                                                                                                                                                     
Basque Cantabrian basin (northern Spain). 30th IAS Meeting of Sedimentology, 
Conference Abstracts Volume, Manchester, UK. 
 
López-Cilla, I., Rosales, I., & Najarro, M. (2012). Diagenesis in Lower Cretaceous 
platform carbonates of northern Spain (NW Cantabria): An example of 
multistage dolomitization and calcite cementation. GEOFLUIDS VII-
International Conference, 6-8 Junio, Proceedings of Geofluids VII, IFP Energies 
Nouvelles, Rueil-Malmaison (Francia). Extended abstracts book, pp. 205-208. 
 
López-Cilla, I., Rosales, I., Najarro, M., Martín-Chivelet, J. Velasco, F. & Tornos, F. 
(2009). Etapas de formación de dolomías masivas del entorno de La Florida-El 
Soplao, Cantabria. Geogaceta, v. 47, p. 65-68. 
López-Mir, B. & Roca, E. (2008). Estructura geológica de las secuencias cretácico-
cenozoicas en el extremo noroccidental de la Cuenca Vasco-Cantábrica (Pirineos 
Occidentales). GeoTemas, v. 10, pp. 152. 
López-Horgue, M.A. (2000). El Aptiense-Albiense de Karrantza-Lanestosa (Vizcaya y 
Cantabria). Tesis Doctoral, Universidad del País Vasco, 264 p. 
Lotze, F. (1945). Zur gliederung der Varisziden der Iberichen Mesetas. Geot. Fors., v. 6, 
p. 78-92. 
Maestre, A. (1864). Descripción física y geológica de la  provincia de Santander. Junta 
General de Estadística. Madrid, 120 pp. 
Marquínez, J. (1989). Síntesis cartográfica de la Región del Cuera y Los Picos de 
Europa. Trabajos de Geología, Universidad de Oviedo, v.18, p, 137-144. 
Martín-Chivelet, J., Berasategui, X., Rosales, I., Vilas, L., Vera, J.A., Caus, E., Gráfe, 
K.U., Mas, R., Puig, C., Segura, M., Robles, S., Floquet, M., Quesada, S., Ruiz-
Ortiz, P.A., Frenegal-Martínez, M.A., Salas, R., García, A., Martín-Algarra, A., 
Arias, C. & Mathey, B. (2002). El Cretácico Superior del Arco Vasco. En: A. 
García (ed.), El Cretácico de España. Universidad Complutense, Madrid, p. 111-
136.  
Martínez-García, E. (1980). Hoja geológica número 32. Llanes. Mapa geológico de 
España, escala 1:50.000, Serie MAGNA, IGME. 
Martínez-García, E. (1981). El Paleozoico en la Zona Cantábrica Oriental (NW de 
España). Trabajos de Geología, Universidad de Oviedo, v. 11, p. 95-127.  
  - 52 - 
                                                                                                           Capítulo 1: Introducción 
                                                                                                                                                                     
Mathey, B. (1982). El Cretácico Superior del Arco Vasco. En: A. García (ed.), El 
Cretácico de España. Madrid, Universidad Complutense, p. 111-136.  
Mathey, B. (1986). Les flychs du Crétace supérieur des pyrénées Basques. Tesis 
Doctoral. Universidad de Bourgogne, 403 pp. 
Menegatti, A.P., Weissert, H., Brown, R.S., Tyson, R.V., Farimond, P., Strasser, A. & 
Caron, M. (1998). High-UHVROXWLRQ į13C stratigraphy through the Early Aptian 
‘Livello Selli’ of the Alpine Tethys. Paleoceonography, v.13, p. 530-545. 
Menguad, L. (1920). Recherches geologiques Dans la region Cantabrique. Livr. Sc. J. 
Hermann, 1374 pp. 
Millán, M.I. (2009). Palaeoceanographic changes record during the Early Aptian of 
Aralar (N Spain). Tesis Doctoral. Universidad del Pais Vasco. pp. 157. 
Montardet, L., Roberts, D.G., De Charpal, O. & Guennoc, P. (1979). Rifting and 
subsidence of the northern continental margin of the Bay of Byscay. En: Initial 
Reports of the Deep Sea Drilling Project, v. 48, Washington, D.C., U.S. 
Government printing Office, p. 1025-1059. 
Najarro, M., Peñalver, E., Rosales, I., Pérez-de la Fuente, R., Daviero-Gomez, V., 
Gomez, B. & Delclòs, X. (2009). Unusual concentration of Early Albian 
arthropod-bearing amber in the Basque-Cantabrian Basin (El Soplao, Cantabria, 
Northern Spain): Palaeoenvironmental and palaeobiological implications. 
Geologica Acta, v. 7 (3), p. 363-387. 
Najarro, M., Peñalver, E., Pérez-de La Fuente, R., Ortega-Blanco, J., Menor-Salván, C., 
Barrón, E., Soriano, C., Rosales, I., López del Valle, R., Velasco, F., Tornos, F., 
Daviero-Gomez, V., Gomez, B. & Delclòs, X. (2010). Review of the El Soplao 
amber outcrop, Early Cretaceous of Cantabria, Spain. Acta Geologica Sinica 
(English Edition), v. 84, p. 801-818. 
Najarro, M. & Rosales, I. (2008a). Disoluciones e Incrustaciones Ferruginosas 
asociadas al OAE 1a en la plataforma carbonatada de La Florida. Geogaceta, v. 
44, p. 199-202. 
Najarro, M. & Rosales, I. (2008b). Evidencias sedimentológica, diagenética y 
quimioestratigráfica del Evento Anóxico Oceánico del Aptiense Inferior (OAE 
1a) en la plataforma carbonatada de La Florida (NO de Cantabria). Geotemas, v. 
10, p. 163-166. 
Najarro, M. & Rosales, I. (2008c). Facies evolution, diagenesis and isotope analyses in 
a carbonate platform related to the Lower Cretaceous Anoxic Event 1a. Abstract 
  - 53 - 
                                                                                                           Capítulo 1: Introducción 
                                                                                                                                                                     
Volume of the 26th Regional meeting of the International Association of 
Sedimentologists, Bochum, Germany, p. 194. 
Najarro, M., Rosales, I. & Martín-Chivelet, J. (2007). Evolución de la plataforma 
carbonatada de la Florida durante el rifting del Cretácico Inferior (Aptiense, NO 
de Cantabria).En: D.D. Bermudez, M. Najarro & C. Quesada (ed.), II Semana de 
Jóvenes Investigadores del I.G.M.E., Instituto Geologico y Minero de España, 
Madrid, p. 123-128.  
Najarro, M., Rosales, I., Moreno-Bedmar, J.A., de Gea, G.A., Barrón, E., Miquel 
Company, M., & Delanoy, G. (2011a). High-resolution chemo- and 
biostratigraphic records of the Early Aptian Oceanic Anoxic Event in Cantabria 
(N Spain): Palaeoceanographic and palaeoclimatic implications. 
Palaeogeography, Palaeoclimatology, Palaeoecology, v. 299, p. 137–158. 
Najarro, M., Rosales, I. & Martín-Chivelet, J. (2011b). Major 
palaeoenvironmental perturbation in an Early Aptian carbonate platform: 
Prelude of the Oceanic Anoxic Event 1a? Sedimentary Geology, v. 235, p. 
50–71. 
Olivet, J.L. (1978). Noveau modèle d’évolution de l’Atlantique nord et central. Thèse. 
Univ. P. et M. Curie, 234 pp. 
Olivet, J.L., Bonnin, J., Beuzard, P. & Auzende, J.M. (1984). Cinématique de 
l’Atlantique nord et central. Raport Sci. Techn. ; Paris CNEXO, 54, 5 planches, 
108 pp. 
3DVFDO $  /HV 6\VWHPV ELRVpGLPHQWDLUHV XUJRQLHQV $SWLHQí$OELHQ VXU OD
marge Nord Ibérique. Mémoires Géologiques de l’Úniversité de Dijon, v. 10, p. 
1-569. 
Pedreira, D. (2005). Estructura cortical de la zona de transición entre los Pirineos y la 
Cordillera Cantábrica. Ediciones de la Universidad de Oviedo, CD-ROM, 343 
pp. 
Pello, J. (1967). Estudio geológico de la prolongación del borde oriental de la Cuenca 
Minera Central de Asturias (NW de España). Trabajos de Geologia. Univ. de 
Oviedo, v.1, p. 27-38. 
Puig, G. & Sanchez, R. (1888). Datos para la geología de la provincia de Santander. 
Mapa geológico de España, v. 15, p. 251-329. 
Pujalte, V. (1977). El complejo Purberck-Weald de Santander: Estratigrafía y 
sedimentación. Tesis Doctoral. Universidad de Bilbao, 204 pp. 
  - 54 - 
                                                                                                           Capítulo 1: Introducción 
                                                                                                                                                                     
Pujalte, V. (1981). Sedimentary succesion and palaeonvironments within a fault 
controlled basEn: the Wealden of the Santander area, northern Spain. 
Sedimentary Geology, v. 28, p. 293-325. 
Pujalte, V. (1982). La evolución paleogeográfica de la Cuenca “Wealdense” de 
Cantabria. Cuadernos de Geología Ibérica, v. 8, p. 65-83. 
Pulgar, J.A. & Alonso, J.L. (1993). La estructura alpina de la Cordillera Cantábrica. En: 
Resúmenes XV Reunión de Xeología e Minería do NO Peninsular Lab. Xeol. 
Laxe, O Castro, Sada, La Coruña, p. 69-71. 
Pulgar, J.A., Gallart, J., Fernández-Viejo, G., Pérez-Estaún, A., Álvarez-Marrón, J., & 
ESCI-N Group. (1996). Sesimic images of the Cantabrian Mountains in teh 
western extension of the Pyrinean Belt from integrated reflection and refraction 
data. Tectonophysics, v. 264, p. 1-19.  
Quintana, L. (2012). Extensión e inversión tectónica en el sector central de la región 
vasco-cantábrica (Cantabria-Vizcaya, norte de España). Tesis Doctoral. 
Universidad de Oviedo. pp. 560. 
Quintana, L., Pulgar, J.A., Alonso, J.L. & Rodríguez-Fernández, L.R. (2009a). Las 
cuencas rómbicas cantabríco-pirenaicas: ¿pull-apart o extensionales? 6º 
Simposio sobre el Margen Ibérico Atlántico, Oviedo, España, p.53-56. 
Quintana, L., Alonso, J.L., Pulgar, J.A. & Rodríguez-Fernández, L.R. (2009b). Zonas de 
transferencia extensional en el sector central de la Zona Vasco-Cantábrica. 6º 
Simposio sobre el Margen Ibérico Atlántico, Oviedo, España, p. 57-60. 
Quintanar-Soto, A. B. (2003). El Cretácico medio del extremo suroriental del 
Anticlinorio de Bilbao: Estratigrafía y sedimentología. Tesis Doctoral, 
Universidad del País Vasco, 217 p. 
Ramírez del Pozo, J. (1971). Bioestratigrafía y microfacies del Jurásico y Cretácico del 
norte de de España (región Cantábrica). Memorias del Instituto Geológico y 
Minero de España, v. 78, p. 1-357. 
Ramírez del Pozo, J. (1972). Algunos datos sobre la estratigrafía y micropaleontología 
del Aptense y Albense al oeste de Santander. Revista Española de 
Micropaleontología v. 15, p. 59–97. 
Ramírez del Pozo, J., Portero García, M., Olivé Davó, A., Martín Alafont, J.M., Aguilar 
Tomás, M.J. & Giannini, G. (1976a). Hoja geológica número 33. Comillas. 
Mapa geológico de España, escala 1:50.000, Serie MAGNA, IGME. 
  - 55 - 
                                                                                                           Capítulo 1: Introducción 
                                                                                                                                                                     
Ramírez del Pozo, J., Portero García, M., Olivé Davó, A., Martín Alafont, J.M., Aguilar 
Tomás, M.J. & Giannini, G. (1976b). Hoja geológica número 34. Torrelavega. 
Mapa geológico de España, escala 1:50.000, Serie MAGNA, IGME. 
Rat, P. (1959). Les pays crétacés basco-cantabriques (Espagne). Thèse. publ. Université 
de Dijon, v. XVIII, 525 pp. 
Rat, P. (1988). The Basque-Cantabrian basin between the Iberian and European plates 
some facts but still many problems. Revista de la Sociedad Geológica de 
España, v.1 (3-4), p. 327-348. 
Ries, A.C. (1978). The opening of the Bay of Biscay: a review. Earth Science Reviews, 
v. 14 (1), p. 35-63. 
Robador, A., Heredia, N. & Rodríguez, L.R.  (1990). Mapa geológico de Cantabria. E. 
1: 100.000. ITGE-Diputación Regional de Cantabria. 
Robles, S., Pujalte, V. & García-Mondéjar, J. (1988). Evolución de los sistemas 
sedimentarios del margen occidental cantábrico durante el Albiense y el 
Cenomaniense, en la transversal del litoral vizcaino. Revista de la Sociedad 
Geológica de España, v. 1, p. 409-441. 
Roest, W.R. & Srivastava, S.P. (1991). Kinematics of the plate boundaries between 
Eurasia, Iberia and Africa in the north Atlantic from the Late Cretaceous to the 
present. Geology, v. 19, p. 613-616. 
Rosales, I. (1995). La plataforma carbonatada de Castro-Urdiales (Aptiense-
Albiense, Cantabria). Tesis Doctoral, Universidad del País Vasco, 496 p. 
Rosales, I. (1999). Controls on carbonate-platform evolution on active fault 
blocks. The Lower Cretaceous Castro Urdiales platform (Aptian-Albian, 
Northern Spain). Journal of Sediemntary Research, v. 69, p. 447-465. 
Rosales I., Fernandez-Mendiola, P. A. & García-Mondejar, J. (1994). Carbonate 
depositional sequence development on active fault blocks: the Albian in 
the Castro Urdiales area, northern Spain. Sedimentology, v. 41, p. 861-
882. 
Rosales, I. Gräfe, K.U., Robles, S. Quesada, S. & Floquet M. (2002). Cretaceous: 
the Basque-Cantabrian Basin. En: W. Gibbons & T. Moreno (ed.), 
Geological Society (London), p. 272-281. 
Rosales, I., Najarro., M., Moreno-Bedmar, J., de Gea, G. & Company., M. (2009). 
High-resolution chemo- and biostratigraphic records of the Early Aptian 
  - 56 - 
                                                                                                           Capítulo 1: Introducción 
                                                                                                                                                                     
Oceanic Anoxic Event in Cantabria (northern Spain). Geochimica et 
Cosmochimica Acta, 73/13S, A1118-A1118. 
Sánchez Ferrer, F. (1991). Evolución estructural post-kimmerica de la  plataforma 
continental vasco-cantábrica. Tesis Doctora. Escuela Técnica superior de 
Ingenieros de Minas, Universidad Politécnica de Madrid, 224 p. 
Saulas, D. Barbason, L. & Loredo-Pérez, J. (1986). Conditions de depot des 
minéralisations filoniennes á Zn-Pb (hg, Cu); mises en place en limite scole-
couverture dans le sectour asturo-cantabrique; données de l’etude des inclusions 
fluids. Bulletin de la Société Géologique de France, v. 2 (3), p. 521-523. 
Sibuet, J.C. & Collette, B.J. (1991). Triple junctions of Bay of Biscay and North 
Atlantic: new constraints on the kinematic evolution. Geology, v.19, p. 522-525. 
Sibuet, J.C., Srivastava, S. P. & W. Spakman (2004), Pyrenean orogeny and plate 
kinematics, Journal of. Geophysical Research., v. 109, B08104, 
doi:10.1029/2003JB002514.  
Solé Pont, F.J., Mediato Arribas, F.F., Larrondo Echevarria, E. & Hernainz Huerta, P.P. 
(2008a). Hoja del Mapa Geológico 1:25.000 de la Comunidad Autónoma de 
Cantabria, nº 34-3 Torrelavega. IGME y Gobierno de Cantabria. 
Solé Pont, F.J., Mediato Arribas, F.F. & Hernainz Huerta, P.P. (2008b). Hoja del Mapa 
Geológico 1:25.000 de la Comunidad Autónoma de Cantabria, nº 34-1 Suances. 
IGME y Gobierno de Cantabria. 
Solé Pont, F.J., Mediato Arribas, F.F., Larrondo Echevarria, E. & Hernainz Huerta, P.P. 
(2008c). Hoja del Mapa Geológico 1:25.000 de la Comunidad Autónoma de 
Cantabria, nº 34-2 Muriedas. IGME y Gobierno de Cantabria. 
Soto, R., Casas-Sainz, A.M., Villalaín, J., Oliva-Urcía, B. (2007). Mesozoic extension 
in the Basque-Cantabrian Basin (N Spain): Contributions from AMS and brittle 
mesostructures. Tectonophysics, 373–394. 
Symons, D.T.A., Lewchuk, M.T., Kawasaki, K., Velasco & F., Leach, D.L. (2009). The 
Reocín zinclead deposit, Spain: paleomagnetic dating of a late Tertiary ore body. 
Mineralium Deposita, v.44, p. 867-880. 
Tosal, J.M. (1968). Relaciones zócalo-cobertera en el límite de las provincias de Oviedo 
y Santander. Brev. Geol. Astur., v. 19, p. 9-14. 
Vadala, P. (1981). Le gite de ZnS-PbS a gangue ankeritique de Reocín (Santander, 
Espagne). Tectonique diapirique, phenomenes karstiques et mineralisations. 
Tesis Doctoral. Universidad de Orleans, 288 pp. 
  - 57 - 
                                                                                                           Capítulo 1: Introducción 
                                                                                                                                                                     
Vadala, P., Touray, J.C., García-Iglesias, J. & Ruiz, F. (1981). Nouvelles dones sur le 
gisement de Reocín (Santander, Espagne). Chron. Min., v. 462, p. 43-59. 
Velasco, F., Herrero, J.M., Yusta, I., Alonso, J.A., Seebold, I. & Leach, D. (2003). 
Geology and geochemistry of the Reocín Zinc-Lead deposit, Basque-Cantabrian 
basin, northern Spain. Economic Geology, v. 98, p. 1371-1396. 
Verneuil, E. (1852). El terreno cretáceo en España. Revista de Mineralogía, v. 3, p. 339-
471. 
Weissert, H. & Lini, A. (1991). Ice age interludes during the time of Cretaceous 
greenhouse climate. En: D.W. Müller, J. A. MacKencie, H. Weissert (ed.), 
Controversies in Modern Geology, Academic Press, London, p.173-191. 
Weissert, H., Lini, A., Föllmi, K.B. & Kuhn, O. (1998). Correlation of Early Cretaceous 
carbon isotope stratigraphy and platform drowning events: a possible link?. 
Palaeogeography, Palaeoclimatology, Palaeoecology, v. 137 (3-4), p. 189-203. 
Wilmsen, M. (2000). Evolution and demise of a mid Cretaceous carbonate shelf: the 
Altamira Limestones (Cenomanian) of northern Cantabria (Spain). Sedimentary 
Geology, v. 133, p. 195-226. 
Wilmsen, M. (2005). Stratigraphy and biofacies of the Lower Aptian of Cuchía 
(Cantabria, northern Spain). Journal of Iberian Geology, v. 31 (2), p. 253-275. 
Wissler, L., Funk, H. & Weissert, H. (2003). Response of Early Cretaceous carbonate 
platforms to changes in atmospheric carbon dioxide levels. Palaeogeography, 
Palaeoclimatology, Palaeoecology, v. 200, p. 187-205. 
 
 

















Además de las recientes publicaciones sobre tectónica-sedimentación en Najarro 
et al. (2007; 2009), durante la realización de esta Tesis se han concluido dos proyectos 
que han supuesto un gran avance al conocimiento de la tectónica de la zona de estudio. 
El primero ha sido la cartografía geológica a escala 1:25.000 de la Comunidad 
Autónoma de Cantabria (realizada por el IGME y el Gobierno de Cantabria). El 
segundo proyecto se enmarca dentro del programa ALGECO2 2012-2015 del IGME y 
ha tenido como objetivo la evaluación de potenciales almacenes geológicos de CO2. 
Dentro de éste último, Najarro y García-Senz (2014) y García-Senz (2014) han 
realizado un estudio detallado de las estructuras cortadas por los sondeos MC-E1 y MC-
J1 (Figura 1.1) en el margen cantábrico, mediante cortes geológicos seriados, líneas 
sísmicas y correlación estratigráfica, demostrando la existencia de una zona triangular 
entre una provincia salina despegada cabalgante hacia el norte (el Bloque Costero de 
Santander) y los cabalgamientos de basamento de la Banda del Nansa dirigidos hacia el 
sur. En este capítulo se sintetizan parte de los datos y conclusiones obtenidos a partir de 
la realización de estos dos proyectos, que a su vez están en curso de presentarse como 
artículos científicos.  
 
 
2.1.- ESTRUCTURA REGIONAL 
 
La Cordillera Cantábrica es un cinturón de pliegues y cabalgamientos 
adyacente a la costa del mar Cantábrico que constituye la continuación 
topográfica y geológica de los Pirineos al oeste de la falla de Pamplona (Figura 
2.1A). Su elevación es consecuencia de la colisión entre las placas de Iberia y 
Europa ocurrida entre el final del Cretácico y el Cenozoico. Los perfiles de 
sísmica de reflexión y los perfiles profundos de sísmica de refracción muestran un 
orógeno bivergente (Figura. 2.1B) que cabalga hacia el sur a las cuencas de 
antepaís del Duero y del Ebro con subducción de la corteza inferior ibérica bajo la 
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corteza europea, mientras que hacia el norte desarrolla un prisma de acreción en el 
basamento oceánico del Golfo de Vizcaya (Gallástegui, 2000; Pedreira, 2005). 
 
Al igual que ocurre en los Pirineos, los cabalgamientos alpinos de la 
Cordillera Cantábrica reactivan a los sistemas transtensivos-extensivos de edad 
Pérmica-Cretácica. Por esta razón el enfoque más adecuado para relacionar el 
relieve con la variación longitudinal de la estructura contractiva y con la 
estructura extensional heredada es la tectónica de inversión. En esta línea, Alonso 
et al. (2007) distinguen un sector occidental situado entre Asturias y Galicia con 
relieve medio y cobertera mesozoica inexistente; un sector central también 
denominado macizo Asturiano donde se encuentran las máximas elevaciones y 
puede estar preservada una cobertera mesozoica delgada, y finalmente un sector 
oriental o sector Vasco-Cantábrico (aquí denominado cuenca Vasco-Cantábrica) 
de elevaciones medias y espesores importantes de mesozoico.  
 
La región que rodea al área de estudio forma parte del límite entre el 
macizo Asturiano y la cuenca Vasco-Cantábrica occidental (Figura 2.2). El 
macizo Asturiano es interpretado en esta región como un gran pliegue de 
acomodación sobre un cabalgamiento de basamento dirigido hacia el sur (Pulgar y 
Alonso, 1993). El relieve estructural que produce este pliegue permite observar en 
superficie el basamento paleozoico y permo-triásico que se sumerge hacia el este 
bajo el Mesozoico de la cuenca Vasco-Cantábrica. De forma similar, este sector 
de la cuenca Vasco-Cantábrica es interpretado por Espina (1997) como 
transportado sobre una rampa de basamento donde se entroncan fallas 
individuales reactivadas que limitan las cuencas mesozoicas invertidas de 
Polientes, Cabuérniga y del Bloque Costero de Santander (Figura 2.2).  
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Figura 2.1.- A) Mapa estructural de la cordillera Pirenaico-Cantábrica con situación de los perfiles de 
sísmica de refracción (Pedreira, 2005); B) Modelo orogénico de colisión de la Cordillera Cantábrica 
interpretado de los perfiles ESCIN-2 y ESCIN-4 (Gallástegui, 2000). El rectángulo sitúa el área de 
estudio cerca del eje del orógeno, dentro de la Zona Surpirenaica con cabalgamientos dirigidos hacia el 
sur que se extienden profundamente en la corteza y que reactivan fallas extensivas mesozoicas y 
cabalgamientos variscos. 
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Figura 2.2.- Mapa geológico del límite entre el macizo Asturiano que expone el basamento paleozoico y 
permo-triásico y la cuenca Vasco-Cantábrica occidental dividida en subcuencas. El rectángulo rojo 




Finalmente, el área de estudio, denominada en los artículos que conforman 
esta Tesis como cuenca Nor-Cantábrica (Wilmsen, 2000; 2005; Najarro et al. 
2009; 2010; 2011a y 2011b) abarca la porción del macizo Asturiano definida 
como Banda del Nansa (Espina, 1994; 1997) y la porción de la cuenca mesozoica 
definida como el Bloque Costero de Santander (Barnolas y Pujalte, 2004). Éstas 
son las dos áreas que se describen en detalle a continuación. Su descripción se 
beneficia de la información contenida en las recientes cartografías geológicas 
1:25.000 de la Comunidad Autónoma de Cantabria, realizadas por el IGME y el 
Gobierno de Cantabria (García-Senz y Cañas Fernandez, 2013a; 2013b; García-
Senz y Merino-Tomé, 2011; Huerta Carmona 2009; Solé-Pont et al., 2008a; 
2008b; 2008c; Larrondo Echevarría et al., 2008).  
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2.2.- BANDA DEL NANSA 
 
Está formada por un imbricado de cabalgamientos E-O verticalizados dirigidos 
hacia el sur que continúan la estructura de las regiones del Ponga y de los Picos de 
Europa en Asturias (Tosal, 1968; Martínez García, 1980; Marquínez, 1989; Espina, 
1994; 1997).  
 
Los cabalgamientos individuales de este imbricado pueden estar ya sea 
fosilizados por el Pérmico, el Buntsandstein o el Cretácico, lo que los define como 
cabalgamientos variscos, o pueden llegar a superponer rocas del Ordovícico sobre 
sedimentos sinorogénicos marinos del Priaboniense-Oligoceno (Mengaud, 1920) lo que 
los identifica como cabalgamientos variscos reactivados (Espina, 1997; Pulgar y 
Alonso, 1993). El desplazamiento varisco es siempre muy superior al alpino. El 
cabalgamiento dominante del sistema es el cabalgamiento frontal de Cabuérniga que 




Figura 2.3.- Esquema estructural de la Banda del Nansa, modificado de Espina (1997) con situación de 
los cortes geológicos de la figura 2.4. Dichos cortes han sido tomados de García-Senz y Cañas Fernández 
(2013a) y García-Senz y Merino-Tomé (2011).  
 
  - 65 - 
                                                                                                                Capítulo 2: Tectónica 
Los pliegues en la Banda del Nansa tienen una inmersión media de 08º hacia 
N088 que expone en superficie distintos niveles de la estructura y permite apreciar las 
relaciones entre fallas y pliegues. Se observa que los pliegues se hacen más anchos y 
pierden amplitud en la dirección de inmersión a la vez que sus trazas axiales se curvan 
hacia el noreste y los pliegues individuales se fusionan en una terminación periclinal 
común (García-Senz y Robador, 2009). 
La descripción más detallada de las principales estructuras que componen la 
Banda del Nansa se debe a Espina (1997). Aquí se adapta la descripción similar pero 
más concisa de García-Senz y Robador (2009). De norte a sur se distinguen:   
 
Cabalgamiento de Tresgrandas y anticlinal de Santillán 
El cabalgamiento de Tresgrandas sitúa la Cuarcita de Barrios del Ordovícico 
sobre la Fm. Oyambre del Oligoceno con un desplazamiento de 3.5 km (cortes 3 y 4, 
Figura 2.4). La superficie principal de falla se divide hacia arriba en astillas que cortan, 
elevan y rotan a la vertical rocas eocenas del bloque inferior. El Paleozoico, bastante 
inclinado en el bloque superior cabalgante, está truncado por la Fm. Reocín del 
Aptiense Superior-Albiense basal, que se halla plegada a su vez en una charnela 
anticlinal suave, el anticlinal de Santillan, cuya forma no representa a la estructura 
varisca (corte 4, Figura 2.4).  
  
Sinclinal de Colombres 
Es un sinclinal asimétrico en el bloque inferior del cabalgamiento de 
Tresgrandas. Tiene un flanco sur largo y un flanco norte corto y rotado del que proceden 
las astillas de caliza eocena visibles en superficie. Sobre el techo de este sinclinal, está 
el cabalgamiento de Comillas, interpretado como un olistostroma sincontractivo que se 
adapta al relieve deprimido del valle sinclinal (corte 1, Figura 2.4) (García-Senz y 
Robador, 2009). 
 
Cabalgamiento de Narganes y anticlinal de Abanillas 
El cabalgamiento de Narganes con 1.5 km de desplazamiento superpone la 
caliza carbonífera sobre el Cretácico Inferior. El anticlinal de bloque superior asociado, 
anticlinal de Abanillas, es asimétrico con inclinación mayor en el flanco frontal. El 
cretácico del flanco dorsal está plegado por pliegues secundarios sobre niveles de 
despegue locales (corte 4, Figura 2.4).  
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Anticlinal de Mazo 
Es un anticlinal de perfil abierto a suave en el bloque inferior del cabalgamiento 
de Narganes (corte 2, Figura 2.4). Su flanco sur es algo más inclinado y corto que el 
norte definiendo una ligera vergencia sur. De acuerdo con Espina (1997), este pliegue 
no se asocia a ningún cabalgamiento aflorante o ciego, aunque sí que existen pliegues 
secundarios y cabalgamientos que afectan a la cobertera cretácica cerca del río Deva.  
 
Sinclinal de Merodio 
Es un pliegue de perfil abierto a suave y ligera vergencia sur que comparte el 
flanco corto del anticlinal del Mazo y el flanco largo del anticlinal de Cabuérniga 
(cortes 2, Figura 2.4). En el sinclinal de Merodio, y posiblemente también en el 
anticlinal del Mazo, comienzan a aparecer bajo el Cretácico las areniscas del 
Buntsandstein discordantes sobre los materiales variscos. 
 
Cabalgamiento y anticlinal de Cabuérniga 
El cabalgamiento E-O de Cabuérniga es el cabalgamiento alpino frontal 
dominante del imbricado del Nansa. A semejanza del cabalgamiento de Tresgrandas, se 
trata de un cabalgamiento varisco reactivado. Su superficie casi vertical pone en 
contacto la cuarzo-arenita del Ordovícico con el Buntsandstein, o la caliza del 
Carbonífero con el Liásico. El cabalgamiento es parte de la estructura compresiva del 
anticlinal de Cabuérniga (Espina, 1997) cuyo flanco dorsal elevado en el borde fallado 
del basamento, cuelga sobre el flanco frontal verticalizado donde se concentra la 
deformación (corte 2, Figura 2.4). El desplazamiento del techo del Buntsandstein por la 
falla se estima en 700-800 m. 
 
El modelo adoptado por Espina (1997) para los pliegues de la Banda del Nansa 
es el de pliegues de propagación de falla (Suppe y Medwedeff, 1984; Mitra 1990), 
caracterizados por la transferencia del desplazamiento del cabalgamiento al pliegue que 
se desarrolla en su extremidad. Sin embargo García-Senz y Robador (2009) también 
enfatizan que la cantidad de acortamiento disminuye hacia el este a lo largo de la 
dirección de los pliegues como prueban los cortes seriados (Figura 2.4) lo que implica 
una rotación levógira de eje vertical dentro de la Banda del Nansa. 
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Figura 2.4.- Cortes geológicos seriados transversales al plegamiento de la Banda del Nansa (situación en 
Figura 2.3) tomados de García-Senz y Merino-Tomé (2011) que muestran cabalgamientos variscos 
reactivados y no reactivados. Se aprecia la relación entre pliegues y cabalgamientos que los identifica 
como pliegues de propagación de falla, y también la disminución progresiva del apretamiento de los 
pliegues y del desplazamiento de los cabalgamientos alpinos (García-Senz y Merino-Tomé, 2011). 
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2.3.- BLOQUE COSTERO DE SANTANDER 
 
El Bloque Costero de Santander (Figura 2.5) es un extenso afloramiento de 
sedimentos del Mesozoico al Eoceno limitado al sur por el cabalgamiento de 
Cabuérniga, al oeste por la falla NNE-SSO de Bustriguado que la separa de la Banda del 
Nansa, al este por el cabalgamiento de Ramales que constituye la última estructura 
salina que mantiene la orientación NE-SO a N-S propia del interior del Bloque Costero 
de Santander, y al norte bajo el mar Cantábrico en la extremidad de un tren de pliegues 
despegados en la terminación de la cuenca del Keuper. El límite norte pasa junto al 
sondeo de petróleo MC-J1 frente a la costa de Suances, ya que este pozo corta una serie 
estratigráfica sin facies Keuper ni Fm. Vega de Pas, similar a la existente en la Banda 
del Nansa (Shell España, 1980; Cámara Rupelo, 1989).  
 
Aunque se halla poco deformado, su arquitectura es compleja por la coexistencia 
de orientaciones N060, N017 y N097 de fallas y pliegues, que adicionalmente presentan 
una distribución poco simétrica lo que dificulta su descripción a lo largo de una única 
dirección. La mejor manera de describirla es agrupando genéticamente las fallas, 
pliegues y diapiros en dos áreas, Treceño y Santander, separadas por una zona de fallas 
dispersas sin diapiros, Reocín.  
 
Zona de fallas de Treceño 
Es un enrejado de fallas conectadas. La falla N017 de Bustriguado es una 
importante falla de basamento de alto ángulo con desplazamiento oblicuo inverso 
dirigido hacia el noroeste o hacia el norte, que llega a superponer el Keuper y el 
Jurásico Inferior sobre el Maastrichtiense y el Eoceno. Presenta características de falla 
extensiva reactivada ya que limita bloques con distinta serie estratigráfica, distinta 
cantidad de subsidencia y estilo de deformación. Separa esencialmente un área oriental 
diapírica con un Keuper y un Cretácico Inferior potente, en especial la Fm. Vega de Pas 
que puede alcanzar 1377 m de espesor; de un área occidental donde la Fm. Vega de Pas 
es inexistente o está reducida a escasos metros y el Keuper está ausente, al igual que el 
Jurásico (Najarro et al., 2007). Respecto a su estructura contractiva, tiene características 
de falla transversa que compartimenta el plegamiento, ya que pone en contacto el flanco 
meridional inclinado hacia el norte del sinclinal de Merodio (descrito en la Banda del 
Nansa) con el flanco frontal del anticlinal de Treceño (Huerta Carmona, 2009).  
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El anticlinal de Treceño deforma la depresión rectangular que limita el enrejado 
de fallas de Bustriguado, Santibañez y Peña Castillo (Figura 2.5). Visto en corte (corte 
5, Figura 2.6A.) tiene vergencia sur y perfil abierto, con características de pliegue de 
acomodación de falla. Su zona de charnela está cortada por un cabalgamiento 
secundario dirigido también hacia el sur. 
 
La falla E-O de Santibáñez (Figura 2.5) es una falla extensiva que conecta en 
una esquina con la falla de Bustriguado (Huerta Carmona, 2009; García-Senz y 
Robador, 2009) para perder desplazamiento desde este punto hasta su extremidad, 
situada al este de Cabezón de la Sal. En su bloque superior hay un ascenso diapírico de 
Keuper que alcanza la superficie en el diapiro de Cabezón. 
 
Las fallas ENE-OSO de Peña Castillo, Santa Ana y Rubárcena se ramifican de la 
extremidad norte de la falla de Bustriguado (Figura 2.5). La falla de Peña Castillo es 
una importante falla extensiva de polaridad sur que mantiene una separación normal de 
hasta 1000 m en la serie pre-extensiva y produce un aumento de espesor estratigráfico 
de la Fm. Vega de Pas y de las plataformas del Aptiense para terminar fosilizada en la 
parte alta de la Fm. Reocín (Figura 2.6A). Esta fosilización favorece que en su trazado 
existan segmentos ciegos como el de Cóbreces y posiblemnte en Cuchía, donde la falla 
está enterrada bajo las secuencias del Aptiense Superior-Cenomaniense (Figura 2.5) y 
reapariciones en superficie como en el anticlinal de Oreña.  
 
Finalmente, la falla de Rubárcena es una falla extensiva reactivada como inversa 
que junto con la falla de Santa Ana limita un diapiro contraído de Keuper que se halla 
extruido como pop-up (corte 6, Figura 2.6A). El bloque inferior de la falla de Rubárcena 
contiene numerosos pliegues ENE-OSO dispuestos en escalera con relevos dextros que 
forman la costa al este del cabo de Oyambre (Figura 2.5). Estos pliegues desarrollados 
sobre una suela de Keuper, cabalgan al Cenozoico plegado en sinclinal. 
 
Zona sin fallas de Reocín 
Es un área alargada NNO-SSE entre las localidades de Reocín y Oreña (Figura 
2.5) delimitada por la terminación difusa de las dos agrupaciones de fallas y diapiros 
descritas anteriormente. La deformación se localiza únicamente en cabalgamientos de 
vergencia opuesta en los márgenes sur y norte, mientras que el área central está ocupada 
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por la terminación del sinclinal NE-SO de Santillana de perfil muy laxo y desprovisto 
de fallas (corte 7, Figura 2.6B). La Fm. Bielba es más potente en el flanco sur del 
sinclinal y se adelgaza hacia el flanco norte que enlaza con el anticlinal de Oreña en el 
área de costa. 
 
El anticlinal N060 de Oreña (corte 7, Figura 2.6B) es de perfil abierto y vergente 
hacia el norte con el flanco largo dorsal tendido y el flanco frontal corto más inclinado 
sobre todo las capas internas que se disponen verticalizadas a invertidas en una banda de 
cizalla asociada a un cabalgamiento que reactiva la extremidad de la falla extensiva de 
Peña Castillo. 
 
Zona de fallas de Santander  
Es un área de solape de tres largas fallas N060 inclinadas hacia el sur, que 
limitan bloques rotados sobre diapiros y cuencas sinclinales (Figura 2.5). Algunos de 
estos rasgos se muestran en los cortes 7 y 8 de la figura 2.6 aunque estos no atraviesan 
la zona de mayor complejidad. De sur a norte se distingue una cuenca sinclinal en la 
Fm. Vega de Pas con una relación de onlap sobre el diapiro de Parbayón, seguida de un 
largo flanco monoclinal inclinado hacia la falla de Puente Arce. El bloque inferior de la 
falla de Puente Arce está plegado en el sinclinal N060 de San Román considerado como 
la prolongación del sinclinal de Santillana. Es un pliegue de perfil abierto, bastante 
simétrico y de eje inclinado 08º hacia el NE lo que favorece el afloramiento de 
Cenozoico. El flanco norte se caracteriza por una serie estratigráfica adelgazada que 
alcanza una fuerte inclinación en la línea de costa. 
 
Relación entre basamento y cobertera en el Bloque Costero de Santander 
La orientación N060 dominante en la cobertera del Bloque Costero de Santander 
tiene una oblicuidad de unos 30º respecto a la orientación E-O del basamento que aflora 
en la Banda del Nansa y en el anticlinal de Cabuérniga. Se constata asimismo que 
muchas de las fallas oblicuas que afectan a la cobertera terminan hacia el sur sin 
desplazar al Buntsandstein de la Sierra de Cabuérniga. Estas observaciones sugieren: (1) 
que la deformación de la cobertera se halla desvinculada del basamento tanto en la 
extensión como en la contracción por el horizonte del Keuper y (2) que la Sierra de 
Cabuérniga es un área de borde respecto a la deformación de la cobertera tanto en la 
extensión como en la contracción ya que los cabalgamientos principales se localizan en 
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los bordes y no en el interior del Bloque Costero de Santander. El resultado de la 
contracción es la delaminación de la cobertera hacia los márgenes del graben (García-
Senz y Robador, 2009).  
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Figura 2.5.- Esquema estructural de la Banda del Nansa y del Bloque Costero de Santander con la posición de los cortes geológicos de las figuras 2.4 y 2.6 (basado en el 
mapa 1:100.000 de Cantabria). Se aprecia el patrón oblicuo dextral en escalera de las fallas de cobertera respecto a la orientación del basamento de Cabuérniga y del Nansa 
(áreas sombreadas) y la asociación de las fallas con los diapiros de Keuper. La mayoría son fallas extensivas poco o nada reactivadas. Los cabalgamientos se concentran en los 
márgenes oeste, norte y sur extruyendo a la cuenca extensiva. El cabalgamiento de Comillas se considera un olistostroma gravitatorio en la Fm. Oyambre.  
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1-2, Triásico; 3-6, Triásico Superior-Jurásico; 7 y 8, Grupo Pas; 9 a 20, Complejo Urgoniano; 21 y 22, 
Complejo Supraurgoniano; 23 a 30, Cretácico Superior, 31 a 36, Paleógeno. 
 
 
Figura 2.6.- Cortes geológicos seriados en el Bloque Costero de Santander. Cortes 5 y 6 tomados de 
García-Senz y Cañas Fernández (2013b); García-Senz y Merino-Tomé (2011) y Huera Carmona (2009). 
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2.4.- ESTRUCTURA EXTENSIVA Y DISTRIBUCIÓN DE 
ESPESORES 
 
La distribución de espesores de los sedimentos del Cretácico Inferior en relación 
con el sistema de fallas revela que la estructura contractiva está superimpuesta a una 
estructura extensiva previa. La estructura extensiva es muy patente en el Bloque Costero 
de Santander pero también se detecta en la Banda del Nansa donde Najarro et al. (2007) 
y García-Senz (2013) identifican respectivamente en columnas estratigráficas (Figura 
2.7) y en cortes geológicos seriados (Figura 2.8) un cambio de espesor inusual de la Fm. 
Reocín que aflora en la sierra de Arnero, cambio que es relacionable a priori con una 
flexión en el bloque inferior de la falla de Bustriguado situada pocos kilómetros al este 
(Figura 2.8). Para averiguar si esta flexión es de eje paralelo a la dirección de la falla es 
necesario restituir la inclinación adquirida durante el plegamiento contractivo rotando a 
la horizontal los buzamientos de la Fm. Las Peñosas. Tras esta operación la Fm. Reocín 
buza de manera residual 117/06 (dirección de buzamiento) en el área de la flexión, es 
decir con una dirección de capa paralela a la falla de Bustriguado lo que confirma que se 
trata de una flexión asociada a esta falla (Figura 2.8). 
 
En el Bloque Costero de Santander, la distribución de las fallas extensivas define 
una segmentación del terreno extendido en dos áreas espaciadas separadas por una zona 
menos deformada (Figura 2.9A). El segmento más occidental de Treceño se caracteriza 
por un enrejado ortogonal de fallas conectadas N017 y N097 que afectan al basamento 
del borde del terreno extendido (Figura 2.9A). Estas fallas terminan a lo largo de su 
dirección definiendo un graben con asimetría axial. Hacia su extremidad superior las 
fallas se imbrican en la cobertera y producen cambios de espesor en el Cretácico 
Inferior en asociación con el Keuper diapírico.   
 
El segmento oriental de Santander está caracterizado por fallas sintéticas N060 
inclinadas en el mismo sentido sur y con importante diapirismo asociado. El 
desplazamiento de las fallas disminuye hacia el suroeste a la vez que su traza se curva 
hacia la ortogonalidad con el basamento de Cabuérniga (Figura 2.9A). A diferencia con 
el segmento occidental no existen aquí fallas de borde.                                     
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Figura 2.7.- Columnas estratigráficas levantadas en las calizas de la Sierra de Arnedo, motrando los tipos principales de facies sedimentarias El datum de base es la 
superficie transgresiva de la base del Aptiense y el datum de techo es el contacto de la Fm. Reocín (Aptiense Superior-Albiense basal) con la Fm. Las Peñosas (Albiense 
Inferior). La secciones 1 a 6 se localizan en la figura 2.8A. 
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Otra aproximación a la forma de la cuenca extensiva se obtiene por el contorneo 
del relleno sinextensivo realizado sobre una malla de puntos, usando como 
discontinuidades las líneas de las fallas (Figura 2.9B). El contorneo revela dos cuencas 
individuales separadas por un alto NNO-SSE en la zona de solape de los segmentos de 
falla. Las cuencas son asimétricas, la occidental más importante que la oriental, con 
rampas transversas formadas por la acomodación de los estratos a la alternancia de 
máximos y mínimos de desplazamiento que ocurre entre los centros y las extremidades 
de las fallas y por la elevación del bloque inferior y la transferencia del desplazamiento 




Figura 2.8.- A) Mapa de la sierra de Arnero. Malla UTM 1x1 km. La restitución a la horizontal de los 
buzamientos en la Fm. Peñosas deja un buzamiento residual de la Fm. Reocín hacia 117/06 en la corona 
de Arnedo. Este buzamiento implica una flexión paralela a la dirección de la falla de Bustriguado (análisis 
realizado en el programa Move, Midland Valley). Se muestra la posición de las secciones, 1 a 6 de la 
figura 2.7; B) Corte estratigráfico con el datum a techo de la Fm. Reocín que muestra el cambio de 
espesor de 233 a 366m que esta flexión produce en la Fm. Reocín, en la zona de la corona de Arnedo. 
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Modelo extensivo y paleoesfuerzos 
 
Las zonas de rift pueden ser ortogonales u oblicuas e involucrar varios episodios 
superpuestos (ej. Bonini et al., 1997). En la cuenca Vasco-Cantábrica occidental varias 
de las fallas NO-SE principales del rift cretácico (Figura 2.2) se consideran fallas 
heredadas de la extensión edad pérmica y triásica (Pujalte, 1979; Espina, 1994; Hines 
1985; Espina et al. 2004), incluyendo la larga falla E-O de Cabuérniga que determina el 
límite externo de la extensión cretácica del Bloque Costero de Santander.  
 
La extensión dentro del Bloque Costero de Santander ocurre por fallas 
extensivas N060 con relevos en escalera destrales a 30º respecto a los límites externos 
orientados E-O lo que es característico de zonas de rift de baja oblicuidad (Corti, 2012) 
donde cabe esperar una cinemática combinada de desplazamiento normal, oblicuo y en 
dirección según sea la orientación de las fallas respecto a la dirección de extensión. Las 
áreas de mayor estiramiento de Treceño y de Santander indicarían una extensión más 
ortogonal mientras que una cinemática en dirección es previsible en el área de relevo 
menos extendida de Reocín. Con este patrón, la dirección de extensión más propicia es 
N330 aunque también es compatible un rango de variación de 45º hacia el norte. 
 
Resulta interesante comparar el modelo extensivo obtenido para el Bloque 
Costero de Santander con la dirección de extensión cretácica dada por distintos autores 
en el resto de cuencas mesozoicas situadas al sur del Bloque Costero de Santander. 
Espina (1997) calcula una dirección de extensión NE-SO a NNE-SSO compatible con el 
plano de movimiento calculado en fallas normales y en dirección. Soto et al. (2007) 
determinan una dirección de extensión NE-SO a partir de lineaciones magnéticas, que 
interpretan producidas por un campo de esfuerzos próximo. Obtienen asimismo 
direcciones de extensión N-S a NE-SO y de forma secundaria NO-SE a partir de grietas 
de tensión y diaclasas; y una extensión dominante NO-SE a E-O calculada por 
cinemática de fallas, que interpretan debida a un campo de esfuerzos lejano. Finalmente 
Tavani y Muñoz (2011) también por criterios cinemáticos determinan una dirección 
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Figura 2.9.- A) Mapa estructural que representa la Corona de Arnedo y las dos zonas de concentración de 
fallas y diapiros de Treceño y de Santander separadas por la zona de relevo transversa de Reocín. Las 
flechas indican una de las posibles direcciones de extensión acordes con esta geometría. B) Contorneo 
con fallas del intervalo base Fm. Vega de Pas-techo Fm. Las Peñosas que define dos depocentros 
separados por un alto en la zona de transferencia de Reocín. El contorneo revela la asimetría de la 
subsidencia causada por la variación del desplazamiento de las fallas a lo largo de su dirección y por la 
transferencia del mismo a otras fallas. 
 
 
Figura 2.9.- Modelo analógico del adelgazamiento en un rift de oblicuidad moderada (30º) similar al 
descrito para el Bloque Costero de Santander (adaptado de Corti, 2012).  
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/.! $0)$)9.9! .9! ./&.! &0#4#A)! #(! ./@'.?#! ./&#4(.:-;)B! 89! ./&#! ;./:0-$:->9! /.! -9:('3.9!
#/$.:&)/! 1.9.0#(./! 0.1-)9#(./=! /.;-?.9&)(>1-:)/! 3! ;.! .;#;! ;.! (#/! '9-;#;./=! @'.! /.!
;.&#((#9!:)9!#$)0&#:-)9./!$0)$-#/!;.!;./:0-$:-)9./!;.!2#:-./!3!/.:'.9:-#/!;.!(#/!/.0-./!
&-$)! C./&0#&)&-$)!.!D-$)./&0#&)&-$)E!./&';-#;#/=! A'9&)!:)9!/'! -9&.0$0.&#:->9B!F#?4-G9!/.!
./&#4(.:.9!(#/!;-2.0.9:-#/!;.!#0@'-&.:&'0#!(-&)./&0#&-10<2-:#!#!()!(#01)!;.(!<0.#!;.!./&';-)!
;.4-;)!#! (#!:)?$#0&-?.9&#:->9!;.(!<0.#!.9!;-/&-9&)/!4()@'./! C((#?#;)/!.9!./&.! &0#4#A)!
<0.#/! )! /.:&)0./EB! 89! )0;.9! :0)9)(>1-:)=! (#/! ;-/&-9&#/! '9-;#;./! (-&)./&0#&-10<2-:#/! @'.!









3.2.1.1. FORMACIÓN RÁBAGO 
Nombre de la Unidad+!784#1)!
Rango de la Unidad+!9)0:#;-<=!
 
Antecedentes+! >=-?#?! -=?-@-?'#(-A#?#! $)0! $0-:.0#! @.A! $)0! B#C#00)! et al.!
DEFGG4H!3!?.2-=-?#!2)0:#(:.=&.!$#0#!./&.! &0#4#C)!?.!-=@./&-1#;-<=I!J=&.0-)0:.=&.!./&.!
(-&)/):#!.0#! -=;('-?)!.=! (#!'=-?#?!/'$0#3#;.=&.K! /-=! &.=.0!.=!;'.=&#! (#!?-/;)=&-='-?#?!







?.(! /-=;(-=#(! ?.! Q#=&-((#=#K! (#! '=-?#?! /.! )4/.0@#! 4-.=! .=! (#! ;#00.&.0#! L'.! '=.! (#/!
();#(-?#?./!?.!U#3'.(#!3!"#=#(./I!T=!.(!80.#!?.!"';S%#K!./&#!'=-?#?!./&8!#'/.=&.I!
 
Aspectos regionales+! T(! (%:-&.! -=2.0-)0! ?.! ./&#! '=-?#?! @-.=.!:#0;#?)! $)0! '=#!
?-/;)0?#=;-#!#=1'(#0!/)40.!(#/!2#;-./!V'=&/#=?/&.-=!D9-1'0#!*IGW!9)&)/!*IE!3!*I*HK!)!4-.=!
/)40.! (#/! 2#;-./!X.#(?.=/./! D9-1'0#! *IGHI!T(! (%:-&.! /'$.0-)0! ./&8! 0.$0./.=&#?)!$)0! '=#!
?-/;)=&-='-?#?! ./&0#&-1082-;#! L'.! /.! :#=-2-./&#K! /.1Y=! (#! A)=#K! $)0! '=#! /'$.02-;-.! ?.!
.0)/-<=!D9)&)!*IZHK!)!$)0!'=#!/'$.02-;-.!?.!?-/)(';-<=!$)0!.[$)/-;-<=!/'4#O0.#!?.(!&.;S)!



































Foto 3.585! D/$.:&)! ;.! :#@$)! ;.! (#! /'$.02-:-.! -00.1'(#0! ;.! ;-/)(':-<=! :)=! :#H-;#;./! ;.! &#@#I)!
;.:-@J&0-:)G!2-/'0#/!3!@#:0)!3!@-:0)0.(-.H./G!:)=!/'$.02-:-./!:)00)/-H#/!K'.!/.!0.((.=#=!:)=!:#=&)/!:#(-L)/!


























3! ripples! ?.! <)00-.9&.B! ,#! $#0&.! =.?-#! ?.! (#! /.0-.! ='./&0#! '9#! <)=$)/-<-@9! =-P&#!
&.00%1.9)5<#04)9#&#?#! ?.! #0.9#/! <#(<A0.#/! <)9! (#=-9#<-@9! )9?'(#?#! 3! )<#/-)9#(=.9&.!
ripples!?.!)/<-(#<-@9!T'.!#(&.09#9!<)9!9-U.(./!?.! ('&-&#/!#(.'0%&-<#/;!<#(-J#/!packstone5
grainstone!3!=#01#/!<)9!)04-&)(-9#/B!M(!&0#=)!/'$.0-)0!?.!(#!'9-?#?;!=A/!<#04)9#&#?);!
./&A! <)=$'./&)! $)0! '9#! #(&.09#9<-#! ?.! =#01#/! <)9! )04-&)(-9#/;! <#(-J#/! =#01)/#/!
9)?'()/#/! 3! <#(-J#/! grainstone-packstone! .9! (#! $#0&.! -92.0-)0! 3! <#(-J#/! wackestone5
mudstone!<)9!<)0#(./;!1#/&.0@$)?)/!3!0'?-/&#/!?.!$.T'.V)!&#=#V)!.9!(#!$#0&.!/'$.0-)0!
DQ)&)! *BR"! 3! W;! ,A=-9#! EHB! ,#! '9-?#?! <'(=-9#! <)9! '9#! /'$.02-<-.! -00.1'(#0! ?.!
?-/)('<-@9!<)9!<#U-?#?./!?.!&#=#V)!?.<-=S&0-<);!2-/'0#/!3!=#<0)!3!=-<0)!0.(-.U./!<)9!
/'$.02-<-./!<)00)/-U#/!T'.!/.!0.((.9#9!<)9!<#9&)/!<#(-J)/!?.!(#!/.0-.!-920#3#<.9&.!.9!'9#!
=#&0-J! ?.!=#&.0-#(! <#(<#0.9%&-<)! ?.! (#! '9-?#?! /'$0#3#<.9&.! DQ)&)! *BXHB! ,)<#(=.9&.! (#!
/'$.02-<-.!?.!?-/)('<-@9!/.!.9<'.9&0#!&#$-J#?#!$)0!'9#!<)/&0#!2.00'1-9)/#B!M9!.(!A0.#!?.(!
/-9<(-9#(!?.!Y#9&-((#9#!(#!'9-?#?!./!$0.?)=-9#9&.=.9&.!=#01)/#5(-=)/#!<)9!)04-&)(-9#/B!
8T'%! .(! &.<Z)! ?.! (#! '9-?#?! $0./.9&#! '9#! /'$.02-<-.! ?.! .0)/-@9! T'.! &0'9<#! ()/! ./&0#&)/!
-920#3#<.9&./!DQ)&)!*B[HB!
 
Interpretación del medio sedimentario+! Y.! -9&.0$0.&#! ./&#! '9-?#?! <)=)! '9!
/-/&.=#!?.!$(#&#2)0=#!=#0-9#!/)=.0#!=-P&#!&.00%1.9)5<#04)9#&#?#B!,#!4#/.!?.!(#!'9-?#?!
0.$0./.9&#!'9#! &0#9/10./-@9!0A$-?#!/)40.!=#&.0-#(./!<)9&-9.9&#(./!<0.&A<-<)/!)! &0-A/-<)/!












>0.#! A.! ,#! 8()0-A#?!B)! D0#9)! -<2.0-)0! A.! (#! '<-A#A! :)9$'./&#! $)0! #0.<-/:#/!9-:>:.#/! A.! 10#<)! 2-<)5
9.A-)C! ('&-&#/! :#04)<)/#/! 3! (-9)/! :)<! (#9-<#:-;<! (.<&-:'(#0C! flaser! 3! ripples! A.! :)00-.<&.?! E.::-;<!=%)!
B#</#C! >0.#!A.!,#!8()0-A#?!C)! F#0&.! /'$.0-)0! A.! (#!'<-A#A! 2)09#A#!$)0!'<#! #(&.0<#<:-#! A.!9#01#/! :)<!
)04-&)(-<#/C! :#(-G#/! 9#01)/#/! <)A'()/#/! 3! :#(-G#/! grainstone-packstone?! E.::-;<! =>4#1)C! >0.#! A.! ,#!













Lámina 1.-!7-80)2#8-./! 9.! (#! :)0;#8-<=! >?4#1)@! ,#! ./8#(#! $#0#! &)9#/! (#/! -;?1.=./! ./! 9.! A;;@!A)!
B0.=-/8#!8#(8?0.#!8)=!)04-&)(-=#/!CDEF!$(#8#/!9.!.G'-=)9.0;)!CHIE!3!10#=)/!9.!1(#'8)=-&#!9.&0%&-8#!CJ(E@!








3.2.1.2. FORMACIÓN UMBRERA 
Nombre de la Unidad+!Q;40.0# 
Rango de la Unidad+!:)0;#8-<=!
 
Antecedentes+! Q=-9#9! 9.2-=-9#! $)0! R-=./! CA6STE@! I/! .G'-O#(.=&.! .=! $#0&.! #+!
U=-O.(! *V! 9.(! 8)0&.! 9.! W'#=8./! 9.! 7.=1#'9! CA6XPEF! UY0#;)! AV! 9.(! 8)0&.! 9.! W#Z#!
0.#(-M#9)! $)0! >#&! C.=! "-03! et al.F! A6[LEF! Q=-9#9! "ATAA! 9.(! 7BJKBF! :)0;#8-<=! 9.!












-:2.0-)0! ./&J! =.2-:-=)! $)0! ':#! 0.(#8-9:! =.! onlap! /)40.! (#! /'$.02-8-.! =.! =-/)('8-9:!
&#$-;#=#! $)0! ':#! 8)/&0#! 2.00'1-:)/#@! #! &.8A)! =.! (#! D)0?#8-9:! PJ4#1)! BQ#R#00)! 3!
P)/#(./@!F77S#GE!O:!.(!J0.#!=.(!/-:8(-:#(!=.!C#:&-((#:#!(#!':-=#=!$0./.:&#!':#!$)&.:8-#!
=.!':)/!6F!?.&0)/!B/.88-9:!=.!T#3'.(#5"#:#(./@!D-1'0#!*EFG!3!/'!8):&#8&)!8):!(#!':-=#=!
-:20#3#8.:&.! ./&J! 0.$0./.:&#=)! $)0! ':#! /'$.02-8-.! .0)/-U#! BD)&)! *EVGE! O:! .(! J0.#! =.!
"'8A%#@!(#!':-=#=!#(8#:;#!F7!?.&0)/!=.!$)&.:8-#@!./&#:=)!.(!(%?-&.!-:2.0-)0!0.$0./.:&#=)!
$)0!':#!/'$.02-8-.!=.! -:':=#8-9:@!:.&#@! (-1.0#?.:&.!.0)/-U#!3!4-)&'04#=#@! /)40.! ('&-&#/!
8):! $#(.)/'.()/! =.! (#/! 2#8-./!W.#(=.:/./! -:20#3#8.:&./! BD)&)/! *EX! 3! *E67GE! O(! (%?-&.!
/'$.0-)0!=.!(#!':-=#=!U-.:.!?#08#=)!$)0!':#!/'$.02-8-.!=.!8#?4-)!40'/8)!.:!.(!&-$)!=.!
(-&)()1%#!B-E.E!#!?#01#/!)/8'0#/! (#?-:#=#/G!)!$)0!':#!=-/8):&-:'-=#=!0.8):)8-4(.!8)?)!
':#! /'$.02-8-.! 2.00'1-:-;#=#@! 2'.0&.?.:&.! 4-)&'04#=#@! -:80'/&#=#! 8):! )/&0.-=)/! 3! 8):!


























#! /'! ;)=&.=-9)! $#(.)=&)(<1-;)@! ;#0#;&.0-A#9)! $)0! (#! #/);-#;-<=! 9.! Palorbitolina 
lenticularis! B?,CDEF?G"HI! BJ#/;#(@! 6KLMI! 3! Choffatella decipiens!
N"H,CD?EOPEO!B")((-1=)=!et al.@!6KQKI@!#/%!;):)!#!/'!$)/-;-<=!./&0#&-10R2-;#S!
 
Descripción+! E=! .(! ;)0&.! &-$)! 9.! J'=&#! 9.!C:40.0#! B/.;;-<=! 9.! "';>%#! .=! (#!
T-1'0#! *S8I@! (#! '=-9#9! ./&R! ;):$'./&#! $)0! '=#! /';./-<=! 9.! 4#=;)/! 9.;-:U&0-;)/! #!
:U&0-;)/! 9.! ;#(;#0.=-&#/! grainstone@! packstone! 3! );#/-)=#(:.=&.! rudstone! ;)=!
./&0#&-2-;#;-<=!;0'A#9#!BT)&)/!*S66!3!*S68G!3!?@!,R:-=#!8IS!,#!$#0&.!4#/#(!9.! (#!/.0-.!
$0./.=&#! =-V.(./! ;)=&-=')/! 9.! ;#(;#0.=-&#/! 4-);(R/&-;#/! #0.=)/#/! 3! 4#=;)/! 9.! ;#(-A#!
grainstone! ;)=! ))(-&)/! 2.00'1-=-A#9)/! 3! ./&0#&-2-;#;-<=! ;0'A#9#! .=! /'0;)S! E=! (#! $#0&.!
-=2.0-)0!3!:.9-#!9.! (#!/.0-.!/.! -9.=&-2-;#=!4#=;)/!9.!;#(-A#!grainstone!;)=!#4'=9#=&./!
4-);(#/&)/! 3! ))(-&)/@! ;)=! ./&0#&-2-;#;-<=! ;0'A#9#! .=! /'0;)! 9.! ./;#(#! :U&0-;#! 3!
9.;-:U&0-;#S! ,#! $#0&.! /'$.0-)0! 9.! (#! '=-9#9! ./&R! 2)0:#9#! $)0! ;#(-A#/! packstone! 3!
grainstone! ;)=! (#:-=#;-<=!;0'A#9#!W'.! -=&.0;#(#=!=-V.(./!9-/;)=&-=')/!9.!:#01#/!;)=!
)04-&)(-=#/! BT)&)! *S68"IS! E(! &.;>)! 9.! ()/! 4#=;)/! 9.! ;#(-A#! /'.(.=! $0./.=&#0!
4-)&'04#;-)=./!9.!&-$)!Thalassinoides!BT)&)!*S68XI!0.((.=#/!$)0!:#01#/!;)=!)04-&)(-=#/S!
E(! &.;>)! 9.! (#! '=-9#9! ./&R! ;):$'./&)! $)0! '=! 4#=;)! 9.! ;#(;#0.=-&#! ;)=! )/&0.-9)/@!
1(#';)=-&#!.!-=&.=/#!4-)&'04#;-<=!BT)&)!*S68EIS!!
 
Interpretación del medio sedimentario+!N.!-=&.0$0.&#!./&#!'=-9#9!;):)!4#00#/!
9.!#0.=#!))(%&-;)54-);(R/&-;#!2)0:#=9)!9.$</-&)/!9.!4#Y%)/!)!shoals!.=!'=!:.9-)!9.!#(&#!
.=.01%#@!();#(-A#9)!.=!(#!$#0&.!-=&.0=#!#!:.9-#!9.!'=#!0#:$#!;#04)=#&#9#S!,#!/'$.02-;-.!
4-)&'04#9#! ;)=! 1(#';)=-&#! .! -=;0'/&#9#! $)0! )/&0.-9)/! .=! .(! &.;>)! 9.! (#! '=-9#9! .=! (#!
/.;;-<=! 9.! "';>%#! -=9-;#! '=! $.0-)9)! 9.! =)59.$</-&)! )! 4#Y#! &#/#! 9.! /.9-:.=&#;-<=!
Bfirmground! -=;-$-.=&.I! 9.4-9)! #! '=! #':.=&)! 0R$-9)! .=! (#! $0)2'=9-9#9! 9.(!:.9-)@! 9.!














Foto 3.1285!9/$.:&)!;.! (#!<)0=#:->?!@=40.0#!.?!.(!:)0&.! &-$)!;.!A'?&#!@=40.0#! BC0.#!;.!"':D%#E8!A)!
F#?:)/!=G&0-:)/!;.!:#(:#0.?-&#!:)?!./&0#&-2-:#:->?!:0'H#;#!.?!/'0:)!;.!./:#(#!=G&0-:#!3!;.:-=G&0-:#I!/)40.!
('&-&#!0)J#!;.!(#!<=8!K.1#!;.!A#/8!B)!L.&#((.!;.!()/!4#?:)/!;.!:#(:#0.?-&#!:)?!./&0#&-2-:#:->?!:0'H#;#8!C)!
A#0&.! /'$.0-)0! ;.! (#! '?-;#;! 2)0=#;#! $)0! :#(-H#/! packstone! 3! grainstone! :)?! (#=-?#:->?! :0'H#;#! M'.!











Lámina 295!:-;0)2#;-./!<.! (#!=)0>#;-?@!A>40.0#9!,#!./;#(#!$#0#! &)<#/! (#/! ->B1.@./!./!<.!6!>>9!A)!
"#(;#0.@-&#!packstone!4-);(B/&-;#!C>'./&0#!"A5DE!/.;;-?@!<.!"';F%#E!B0.#!<.!"';F%#G9!BG!Grainstone!<.!
))(-&)/!3!4-);(#/&)/!C>'./&0#!,=5*E!/.;;-?@!<.!,#!=()0-<#E!B0.#!<.!,#!=()0-<#G9!CG!Grainstone!<.!))(-&)/!3!
4-);(#/&)/! 2.00'1-@-H#<)/! C>'./&0#! ,IJ5;#0#@E! /.;;-?@! K'/&0-1'#<)E! B0.#! <.! ,#! =()0-<#G9! DG! :-/>#!
























3.2.1.3. FORMACIÓN PATROCINIO 
Nombre de la Unidad+!9#&0):-;-) 





S#&!B.;!"-03!et al.Q!6CV8FQ!#!(#!?;-@#@!"6E66!@.(!OWXYWQ!#!(#!!Formation terrigène à 
AmmonitesM! @.! ")((-1;);! et al.! B6C8CFQ #! (#/! KW0.;-/:#/! 6M! @.! X#0:%#5O);@ZU#0! 3!
9'U#(&.! B6CD6FQ! #! (#!<)0=#:->;!@.!"#0#;:.U#!@.!X#0:%#5O);@ZU#0! B6CDPF! B#';I'.!=#(!

















Edad: ,#! @#&#:->;! @.! ./&#! 2)0=#:->;! /.! R#! ./&#4(.:-@)! #;&.0-)=.;&.! $)0!




&)@#/! (#/! \);#/! @.(! W$&-.;/.! c;2.0-)0G! 9)/&.0-)0=.;&.! Y#U#00)! et al.! BP7664F! R#;!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'()!*+!,-&)./&0#&-10#2%#!3!4-)./&0#&-10#2%#!
5!678!5!
0.#(-9#:);! $#0#! ./&#! <./-/;! '=#! 0.>-/-?=! 4-)./&0#&-10@2-A#! :.! (#! '=-:#:! .=! 4#/.! #!
#BB)=-&./;! =#=)2?/-(./! A#(A@0.)/! 3! 2)0#B-=%2.0)/! $(#=A&?=-A)/;! B):-2-A@=:)/.! 3!
#A)&@=:)/.!./&#!:-/&0-4'A-?=!4-)./&0#&-10@2-A#;!A'3)/!:.&#((./!/.0@=!&0#&#:)/!B@/!#:.(#=&.!
.=! )&0)! #$#0&#:)! :.! ./&.! A#$%&'()C! D=! 4#/.! #! ./&.! ./&':-);! /.! :.:'A.! E'.! .=! .(! @0.#!
)AA-:.=&#(!:.!,#!F()0-:#!(#!.:#:!:.!(#!FBC!G#&0)A-=)!A)B$0.=:.!:./:.!#(!B.=)/!(#!H)=#!
D. forbesi! I=)! 4#/#(J! :.(! K.:)'(-.=/.! -=2.0-)0! L#/&#! A)B)!B%=-B)! (#! $#0&.! #(&#! :.! (#!
H)=#! D. furcata I.E'->#(.=&.! #! T. bowerbanki)! :.(! K.:)'(-.=/.! /'$.0-)0;! A)=! (#!
.M-/&.=A-#! :.! '=#! -B$)0&#=&.! (#1'=#! ./&0#&-10@2-A#! -=&.0=#! E'.! #4#0A#;! #(! B.=)/;! .(!
K.:)'(-.=/.!B.:-)!3!(#!$#0&.!4#N#!:.(!K.:)'(-.=/.!/'$.0-)0!IF-1'0#!*C6JC!D=!(#!9)=#!:.!
"'AL%#;!3!$)0!.M&.=/-?=!$)/-4(.B.=&.!&#B4-O=!.=!.(!@0.#!:.(!/-=A(-=#(!:.!P#=&-((#=#;!(#!
.:#:! :.(! &0#B)! -=2.0-)0! :.! (#! '=-:#:! /.! 0./&0-=1.! #! (#! 9)=#!D. forbesi! =)! 4#/#(;! :.(!
K.:)'(-.=/.!-=2.0-)0C!,#!.:#:!:.(!&0#B)!/'$.0-)0!=)!L#!$):-:)!/.0!./&#4(.A-#:#!#Q=!A)=!
#BB)=-&./;! $.0)! G#/A#(! I6R8SJ! 0.A)=)A.! .=! ./&.! &0#B)! Palorbitolina lenticularis!
IK,TUDVKW"XJ;!Choffatella decipiens!P"X,TUKDYZDY; Charentia #22C!cuvillieri!
VDTUWVV!3!Sabaudia minuta!IX[F\DYJ;!/'1-0-.=:)!'=#!.:#:!K.:)'(-.=/.!/'$.0-)0;!







deshayesi! 3! Dufrenoyia furcataC! D/&)/! :#&)/! :-2-.0.=! :.! ='./&0#/! :.&.0B-=#A-)=./!
IV#N#00)! et alC;! ^7664J;! $)/-4(.B.=&.! :.4-:)! #! (#! :-2-A'(&#:! .=! (#! -:.=&-2-A#A-?=! :.!
#(1'=#/!./$.A-./;!.=!A)=A0.&)!:.!Deshayesites deshayesiC 
 
Descripción+!,#! /.AA-?=! &-$)! :.! ./&#! 2)0B#A-?=;! E'.! #2()0#! .=! (#! $(#3#! :.! ()/!
"#4#(()/! :.!"'AL%#;! $0./.=&#! :)/! &0#B)/! A(#0#B.=&.! :-2.0.=A-#4(./+! D(! &0#B)! -=2.0-)0!
./&@!A)B$'./&)!B#3)0-&#0-#B.=&.!$)0!'=)/!S7!B.&0)/!:.! ('&-&#/!B#01)/#/!)/A'0#/!A)=!
=?:'()/! 0)N-9)/! :.! /-:.0-&#;! $-0-&#;! 3! 0./&)/! :.!B#&.0-#! )01@=-A#C! D=! /'!B-&#:! -=2.0-)0!
#2()0#=! ()/! :)/! =->.(./! $0.>-#B.=&.! :./A0-&)/! $)0! ")((-1=)=! et al.! I6R_RJ! :.! A#(-9#/!
=):'()/#/!A)=!10#=!A#=&-:#:!:.!#BB)=-&./C!X#A-#! (#!$#0&.!#(&#;!.(!A)=&.=-:)!.=! (-B)/!
#'B.=&#! #$#0.A-.=:)! =->.(./! 4-)A(@/&-A)/! :.! 4#/.! .0)/->#! A)=! 20#1B.=&)/! :.!




/.;'.=;-#! ./&0#&)5! 3! 10#=)5;0.;-.=&.! :.! 2#;-./! ?.&.0)(%&-;#/! ;)9$'./&#/! $)0! '=#!
#(&.0=#=;-#! :.! =-@.(./! :.! ('&-&#/! ;#04)=)/#/! 3! 9-;>;.#/A! (-9)/! 3! #0.=-/;#/! ;)=!
./&0#&-2-;#;-<=!;0'B#:#A!3!(#9-=#;-<=!convolute!CD)&)!*E6*F!3!"GE!H0#:'#(9.=&.A!?#;-#!
.(! &.;?)! :.! (#! '=-:#:! #2()0#! '=! =-@.(! :.! #0.=-/;#/! ;#(;>0.#/! ;)=! 10#=! ;#=&-:#:! :.!
)04-&)(-=#/! CD)&)! *E6*IGA! /)40.! .(! J'.! /.! #$)3#=! (#/! ;#(-B#/! ;)=! ;)0#(./! 3! 0':-/&#/!
$.0&.=.;-.=&./!3#!#!(#!'=-:#:!/'$0#3#;.=&.!CD9E!K#=!L/&.4#=GE!L=!.(!>0.#!:.!,#!D()0-:#A!




Interpretación del medio sedimentario+! L(! :.$</-&)! :.! (#/! ('&-&#/! 9#01)/#/!
)/;'0#/!:.!(#!$#0&.!-=2.0-)0!:.!(#!D)09#;-<=!M#&0);-=-)!0.2(.Q#!.(!?'=:-9-.=&)!0>$-:)!:.!
(#! $(#&#2)09#! ;#04)=#&#:#A! $)/-4(.9.=&.! :.4-:)! #! (#! #;;-<=! ;)=Q'=&#! :.! '=#! 0>$-:#!
/'4-:#!0.(#&-@#!:.(!=-@.(!:.(!9#0!3!#(!-=;0.9.=&)!.=!.(!#$)0&.!:.!&.00%1.=)/!2-=)/!:./:.!.(!
;)=&-=.=&.E! L/&#! $#0&.! :.! (#! '=-:#:! /.! :.$)/-&<! .=! '=! #94-.=&.! 9#0-=)! #4-.0&)A!
0.(#&-@#9.=&.! $0)2'=:)! 3! :.! 4#Q#! .=.01%#A! ;)=! ;)=:-;-)=./! :.! 2)=:)! :.2-;-.=&./! .=!
)R%1.=)A! ()! J'.! 2#@)0.;-<! (#! $0./.0@#;-<=! :.!9#&.0-#! )01>=-;#! CS#Q#00)!et al.A! T7664U!
V'-Q#=)!et al.A!T76TGE!L(!#'9.=&)!:.(!;)=&.=-:)!.=!(-9)/!?#;-#!(#!$#0&.!#(&#!/'1-.0.!'=!




:.(&#-;)! C$0./.=&.! #(!9.=)/! .=! (#! /.;;-<=! :.!"';?%#GE! M)0! &#=&)A! /.! /'1-.0.! $#0#! ./&#!
'=-:#:! $0-9.0)! '=#! $0)2'=:-B#;-<=! 0>$-:#! .=! .(! 9.:-)! :.$)/-;-)=#(! 0./$.;&)! #! (#/!
'=-:#:./! ;#04)=#&#:#/! -=20#3#;.=&./A! Q'=&)! ;)=! '=! #'9.=&)! :.(! #$)0&.! :.! &.00%1.=)/!

























3.2.1.4. FORMACIÓN SAN ESTEBAN 
Nombre de la Unidad+!7#8!9/&.4#8 










()<#(-?#?! ?.! 7#8! 9/&.4#8P! .8! .(! Y0.#! ?.(! /-8<(-8#(! ?.! 7#8&-((#8#I! VZ'%! (#! 2)0;#<-=8!
$0./.8&#!/'/!;.C)0./!#2()0#;-.8&)/!.8!.(!<)0&.!?.!(#!./&#<-=8!?.!2.00)<#00-(!?.!"#/#0!?.!
K.0-.?)! D:)&)! *I6[HP! #/%! <);)! .8! .(! <)0&.! ?.! (#! <#00.&.0#! Z'.! '8.! (#! ()<#(-?#?! ?.!
Q'-()4'<#! <)8!"#8#(./! D/.<<-=8!?.!Q'-()4'<#HI!98! .(! Y0.#! ?.!"'<U%#P! <)8&-8'#8?)! (#!
/.0-.! .8! (#! $(#3#! ?.! ()/! "#4#(()/! D/.<<-=8! ?.! "'<U%#HP! (#! '8-?#?! #2()0#! #! 2#L)0! ?.!
$.Z'.\)/!#<#8&-(#?)/!3!<#(#/!U#/&#!((.1#0!#!(#!K'8&#!?.!(#!]#00#!D:)&)!*I6THI!V(!)&0)!(#?)!
?.! (#! 0%#! ?.! 7#8!A#0&%8! ?.! (#! V0.8#P! .8! (#! ()<#(-?#?! ?.! 7'#8<./P! (#! $#0&.! #(&#! ?.! (#!










(#! 4#/.!?.! (#!:;I!Q.)<%8P! Z'.! /.! #<'\#8! 0Y$-?#;.8&.!U#<-#! .(! )./&.! #! (#! #(&'0#!?.!9(!
7)$(#)I!,#!$)&.8<-#!;.?-#!?.!(#!'8-?#?!./!?.!'8)/!*O5TO!;.&0)/I!9(!(%;-&.!-82.0-)0!?.!(#!



















Edad: 7.! #8'.09)! 8):! ;#/8#(! <6=>?@A! ./&#! 2)0B#8-C:! /.! .:B#08#! .:! .(!
D.9)'(-.:/.!/'$.0-)0!.:!4#/.!#!(#!$0./.:8-#!9.!Iraquia simplex!EFGHIGJ!K#B%0.L!9.(!
;)L)! <6=MN@! 8-&#! &#B4-O:! Choffatella decipiens! H"E,PQDFKRFK! 3! Palorbitolina 
lenticularis!<D,PQFGDS"E@J 
 
Descripción+! F:! 1.:.0#(A! (#! T)0B#8-C:! H#:! F/&.4#:! ./&U! 8)B$'./&#! $)0! ':#!
/'8./-C:!9.!4#:8)/!9.8-BO&0-8)/!#!BO&0-8)/!9.!8#(-L#/!mudstoneA!wackestoneA!floatstone!
3! packstone! 9.! &):)/! 8(#0)/A! 8):! 10#:! 8#:&-9#9! 9.! 0'9-/&#/! 0.V'-O:-9)/! 9.! $.V'.W)!
&#B#W)! <Toucasia 3! Requienia@A! 8)0#(./! 0#B)/)/A! 1#/&.0C$)9)/! NerineaA! #(1#/!
9#/38(#9U8.#/A!B-(-C(-9)/A!4-X#(X)/A!)04-&)(-:#/!3!):8)-9./!9.!Lithocodium aggregatum!
F,,YIZ! 3 Bacinella irregularis! KS7IYýYû! <T)&)/! *J6[SA! *J6=! 3! ,UB-:#! *@A!
-:&.0./&0#&-2-8#9)/! 8):! B#01#/! :)9'()/#/! 8):! 8)0#(./J! F:! (#! /.88-C:! 9.! K'-()4'8#! (#!
2)0B#8-C:!8)B-.:L#!8):!':#!/.0-.!9.!4#:8)/!9.!8#(-L#/!3!B#01)8#(-L#/!8):!)04-&)(-:#/A!
/.1'-9)!$)0!':#!/'8./-C:!9.!4#:8)/!9.!8#(-L#/!8(#0#/!8):!0.V'-O:-9)/!3!L. aggregatum-




#4':9#:&./! )04-&)(-:#/! <T)&)! *J6*7@A! /.1'-9)! 9.! B#01#/! :)9'()/#/! 8):! 4-)8(#/&)/A!
)04-&)(-:#/A! ./$):]#/! 3! 8)0#(./! $(#:#0./! 3!B#/-X)/A! V'.! 10#9'#(B.:&.! $#/#:! #! 4#:8)/!
8(#0)/!9.!8#(-L#!8):!$.V'.W)/!0.V'-O:-9)/!<T)&)!*JN^@J!F/&)/!_(&-B)/!$#V'.&./!#$#0.8.:!
)01#:-L#9)/! .:! 8-8()/! BO&0-8)/! 9.! /)B.0-L#8-C:! <9.! 6! #! *! B.&0)/! 9.! $)&.:8-#@! V'.!
8'(B-:#:! 8):! :-X.(./! 9.8-BO&0-8)/! 9.! 40.8\-2-8#8-C:! 8):! 8#:&)/! 8#(8#0.)/! :.10)/A!
-:&.0$0.&#9)/!8)B)!/'$.02-8-./!9.!.`$)/-8-C:!/'4#O0.#!<T)&)!*JN6S5"@J!F:!(#!/.88-C:!9.!
"'8\%#A! .(! &.8\)! 9.! ./&#! ':-9#9! /.! 8#0#8&.0-L#! $)0! $0./.:&#0! ':#! /'$.02-8-.! -00.1'(#0!
&#$-L#9#!$)0!':!:-X.(!9.!':)/!?^!8B!9.!40.8\#/!8):!8#:&)/!8#(8U0.)/A!.:&0.!()/!V'.!/.!
-:8('3.:!8#:&)/!9.!8#(-L#/!9.!./&0)B#&)(-&)/!(#B-:#9)/!3!8#:&)/!8#(8U0.)/!:.10)/!<T)&)!
*JNN@A! -:&.0$0.&#9#! &#B4-O:! 8)B)! ':#! /'$.02-8-.! B#3)0! 9.! .`$)/-8-C:! /'4#O0.#J! F/&#!











Foto 3.1685! "#(-9#! :.! &);)/! <(#0)/! <);! 10#;! <#;&-:#:! :.! 0':-/&#/! 0.='->;-:)/! :.! $.='.?)! &#@#?)!

















































"#(-C#! wackestone! :)?! #4'?;#?&./! 2#0#=-?%2.0)/! 4.?&>?-:)/! ;.! &-$)! =-(->(-;)D! &.E&'(B0-;)! 3! (-&'>(-;)8!
9'./&0#!"F56*8!@.::->?!;.!"':G%#D!B0.#!;.!"':G%#8!B)!"#(-C#!wackestone!:)?!:)?:G#/!;.!0';-/&#/!HIJD!
#(1#/!;#/3:(#;B:.#/!HKJ!3!4-):(#/&)/8!9'./&0#!@F566D!/.::->?!;.!@'#?:./D!B0.#!;.!"':G%#J8!C)!L?:)-;.!
;.!Lithocodium aggregatum!3 Bacinella irregularis8!9'./&0#!@F5MD!/.::->?!;.!@'#?:./D!B0.#!;.!"':G%#8!





QJ! R'.! :'(=-?#?D! #(! -1'#(! R'.! .?! (#! /.::->?! ;.! "':G%#D! :)?! ;./#00)(()! ;.! 40.:G#/!
:#(:B0.#/! :)?! :#?&)/! ?.10)/D! -?&.0$0.&#;#/! :)=)! /'$.02-:-./! ;.! .E$)/-:->?! /'4#P0.#8!







Foto 3.2485! 9/$.:&)! 1.;.0#(! 3! <.&#((./! <.! ()/! ./&0)=#&)(-&)/! (#=-;#<)/! :);! >'.((#/! <.! <./.:#:-?;! 3!
$#0:-#(=.;&.!40.:>-2-:#<)/!#!&.:>)!<.!(#!@=8!A#;!B/&.4#;8!A.::-?;!<.!A'#;:./C!D0.#!<.!"':>%#8!A!3!B)!
E-/&#! .;! $(#;&#! <.! (#! /'$.02-:-.! .;! <)=)/! <.(! &.:>)! <.! ()/! ./&0)=#&)(-&)/! :);! $0./.;:-#! <.! 20#:&'0#/!




Interpretación del medio sedimentario+! B/&#! ';-<#<! /.! -;&.0$0.&#! :)=)! (#!
-;/&#&'0#:-?;!<.!';#!$(#&#2)0=#!:#04);#&#<#!/)=.0#!3!$0)&.1-<#C!<)=-;#<#!$)0!2#:-./!<.!
4#I#!.;.01%#! 0-:#/!.;! 2#;1)!:#04);#&#<)8!B(!$#/)!<.! (#!@=8!J#&0):-;-)!#! (#!@)0=#:-?;!




/);! ()/! $0-=.0)/! :)();-G#<)0./C! <.4-<)! #! /'!=#3)0! &)(.0#;:-#! #! :);<-:-);./! #<F.0/#/!
&#(./!:)=)!(#!&'04-<.G!<.(!#1'#C!(#!./:#/.G!<.!('G!3!(#!$0./.;:-#!<.!$#0&%:'(#/!&.00%1.;#/8!
,#!.F)(':-?;!F.0&-:#(!<./<.! (#/! 2#:-./!=#01)/#/!:);!)04-&)(-;#/!#! (#/! 2#:-./!<.!:#(-G#/!





9./#00)(():! ()/! ;#04)<#&)/! /)=.0)/! $0)10#9#0)<! 3! ;)(=#&#0)<! .(! ./$#;-)! 9.!
#;)=)9#;-><! ?4-.<!$)0!;#'/#/!#'&);%;(-;#/:! #();%;(-;#/!)!;#=4-)/!;(-=@&-;)/!1()4#(./A!
B#/&#:! #(! =.<)/! ();#(=.<&.:! #(;#<C#0! .(! <-D.(! 9.(! =#0:! 9./#00)((#<9)! ;-;()/! 9.!
/)=.0-C#;-><!E'.!;'(=-<#0)<!;)<!(#!.F$)/-;-><!/'4#G0.#!9.!(#!$(#&#2)0=#H!I(!&.;B)!9.!




3.2.1.5. FORMACIÓN RODEZAS 
Nombre de la Unidad+!J)9.C#/ 






6NZ[AT! (#!'<-9#9!"6P*6!9.(!SW\]WT! (#!4#/.!9.! (#/!Q"#(-C#/!7R!?\)(4#09)A!9.!\#0;%#5
S)<9GY#0!3!V'Y#(&.!?6NO6AH!!J.1-)<#(=.<&.!./!.E'-D#(.<&.!#!(#/!2)0=#;-><./!9.(!V'.0&)!
9.!(#/!I/&#;#/!3!9.(!J%)!^0'.4#!9.!\#0;%#5S)<9GY#0!?6NO7AH!M#;-#!.(!./&.!9.!"#<&#40-#:!
./! .E'-D#(.<&.! #! (#! '<-9#9! Q"#(-C#/! <)9'()/#/! ;)<! )/&0.-9)/! 9.! "G09-1)R! 9.! J)/#(./!
?6NNPAH!\#0;%#5S)<9GY#0!?6NO7A!9.<)=-<>!./&#!'<-9#9!;)=)!K)0=#;-><!"';B%#!$)0!'<!
/'$'./&)! #2()0#=-.<&)! .<! (#! $(#3#! 9.! "'B%#H! X-<! .=4#01):! ./&#! '<-9#9! ./&@! =#(!





9.(! /-<;(-<#(! 9.! X#<&-((#<#! 3!"';B%#:! #'<E'.! 1.<.0#(=.<&.! #$#0.;.! ;'4-.0&#! 9.! 2)0=#!
$#0;-#(!9.4-9)!#!/'!;#0@;&.0!$);)!;)</-/&.<&.H!,#!/.;;-><!&-$)!9.!./&#!'<-9#9!/.!();#(-C#!
.<! (#! ();#(-9#9! 9.! J)9.C#/:! ;.0;#! 9.! L9%#/! ?M-<./:! 6NOPAH! `.4-9)! #! (#/! =#(#/!
;)<9-;-)<./!9.!#2()0#=-.<&):!$#0#!./&.!./&'9-)!(#!/.;;-><!9.!0.2.0.<;-#!/.!B#!./&#4(.;-9)!
.<!(#!;#00.&.0#!E'.!'<.!(#/!();#(-9#9./!9.!J'-()4';#!3!"#<#(./!?/.;;-><!9.!J'-()4';#!9.!







IJ!B.&0)/A!B-.:&0#/!D'.!.:! (#! /.99-H:!;.!$(#3#!;.!<)4#3.0#! (#!$)&.:9-#! 0):;#! ()/!KJ!





(#1':#!./&0#&-10>2-9#! -:&.0:#!D'.!.:1()4#!#! (#!PBF!N#:!G/&.4#:! =U#R#00)!et al.A!7J664A!
P-1'0#! 6*@A! 3! $0./.:&#:;)! $)/-4(.B.:&.! ?#9-#! ./&#! C):#! 9#B4-)/! (#&.0#(./! #! 2#9-./! ;.!
$(#&#2)0B#! /)B.0#! .:! .(! &0>:/-&)! 9):! (#!PBF!<.)9%:F!G(! (%B-&.! -:2.0-)0! ;.! ./&#! ':-;#;!
./&>! 0.$0./.:&#:;)! $)0! (#! ;-/9):&-:'-;#;! ;.(! &.9?)! ;.! (#! PBF! N#:! G/&.4#:A! 9):!
.8$)/-9-H:!/'4#Q0.#!.:!.(!>0.#!;.!"'9?%#A!3!()9#(B.:&.!;-/9)0;#:9-#!#:1'(#0!#4/.0S#;#!
.:! .(! #2()0#B-.:&)! ;.! (#! $(#3#! ;.! <)4#3.0#F! G(! (%B-&.! /'$.0-)0A! .:! C):#/! ;.! /'09)!
0.(#&-S)A! ./! &0#:/-9-):#(! 3! 0>$-;)! 9):! (#! ':-;#;! /'$0#3#9.:&.! 3! S-.:.!B#09#;)! $)0! (#!
;./#$#0-9-H:!;.! (#! 2#':#!)$)0&':-/&#!;.!)/&0.-;)/A! #4':;#:&./!?#9-#! (#!$#0&.!#(&#!;.! (#!
':-;#;A!$#0#!;#0!$#/)!#!(#/!9#(-C#/!;.!$(#&#2)0B#!/)B.0#!;.!(#!PBF!<.)9%:F!G:!C):#/!;.!
'B40#(! =-F.F! $#(.)#(&)! ;.! N'#:9./5"'9?%#@! /'! 9):&#9&)! 9):! (#! ':-;#;! /'$0#3#9.:&.! ;.!
$(#&#2)0B#!/)B.0#!./!':#!/'$.02-9-.!.0)/-S#!3!;.!0.B)9-H:F!
!
Edad: ,#! .;#;! ;.! ./&#! 2)0B#9-H:! /.! #&0-4'3.! #(! &0>:/-&)! M.;)'(-.:/.V
W#01#/-.:/.! 3! W#01#/-.:/.! -:2.0-)0! .:! 4#/.! #! /'! 9):&.:-;)! .:! #BB):-&./F! E.:1#';!
=6X7J@!;./90-4.!.:!.(!9)0&.!;.!<.)9%:!3!.:!(#!$#0&.!#(&#!;.!(#!PBF!<);.C#/!:'B.0)/)/!
.R.B$(#0./!;.!Douvilleiceras 92F tschernyschewi NYUZ[\A!D.! 92F! tschernyschewi S#0F 
laticosta NYUZ[\A! Douvilleiceras /$F! 3! Ammonitoceras! 92F! ucetiae! O]E^NF!
<.9-.:&.B.:&.!./&#!9)(.99-H:!?#!/-;)!0.S-/#;#!/-/&.B>&-9#B.:&.!$)0!E)0.:)5M.;B#0!et 
al.! =7JJX@A! D'.! 9-&#: Epicheloniceras gracile! "^NG_A! Epicheloniceras! /$F! 3!
Pseudoaustraliceras ramososeptatum! =^U`a],^@A! $.0&.:.9-.:&./! #! (#! N'4C):#!
Epicheloniceras gracile!;.!(#!Z):#!;.!Epicheloniceras martini!;.(!W#01#/-.:/.!-:2.0-)0F!




(Epicheloniceras) gracile!"89:;!$0.<-/#=>)!&#?4-@=!(#!9'4A)=#!E. gracile >.!(#!B)=#!
>.!E. martini >.(!C#01#/-.=/.!-=2.0-)0D!
!




?.&0)/! >.! $)&.=<-#G! ./! $0-=<-$#(?.=&.! &.00%1.=)5#0.=)/)! 3! ./&J! 2)0?#>)! $)0!
-=&.0<#(#<-)=./! >.! =-N.(./! >.! ('&-&#/! #(.'0%&-<#/! ?#00)=./510-/J<.#/! <)=! 4-)<(#/&)/G!
=-N.(./! >.! <#(<#0.=-&#/! <)=! $.M'.O)/! )/&0.->)/G! 1#/&.0E$)>)/! 3! 4-)<(#/&)/G! 4#=<)/!
?@&0-<)/! >.! #0.=-/<#/! ?-<J<.#/! #=#0#=P#>#/! >.! 10#=)! 2-=)5?.>-)! <)=! ./&0#&-2-<#<-E=!
<0'A#>#G!#0.=-/<#/!<#(<J0.#/!<)=!10#=!<#=&->#>!>.!4-)<(#/&)/!3!=-N.(./!>.!(-?)5#0.=-/<#!
>.!10#=)!?'3!2-=)!<)=!ripples!>.!)/<-(#<-E=G! (#?-=#<-E=!)=>'(#>#!3!0./&)/!>.!<#04E=D!
,)/! Q(&-?)/! 6I!?.&0)/! >.(! &0#?)! $0./.=&#=! <#(-A#/! (-?)/#/5#0.=)/#/! #=#0#=P#>#/! <)=!




3! <#(-A#/!?#01)/#/! 3!?#01#/! <)=! )04-&)(-=#/G! 40#M'-E$)>)/G! )/&0.->)/! .=! $)/-<-E=! >.!
N->#! 4-.=! #-/(#>)/! )! 2)0?#=>)! 4#=<)/! ?)=)./$.<%2-<)/! KExogyra latissima! 98;! 3!
Plicatula placunea ,8U8F"VL!KH)&)!*D7WLG!#??)=-&./!3!4.(.?=-&./D!
:=! (#! /.<<-E=! >.! (#! $(#3#! >.! F)4#3.0#! (#! 2)0?#<-E=! >.! '=)/! TS! ?.&0)/! >.!
$)&.=<-#G!./!X.&.0)(%&-<#!3!<)?-.=A#!<)=!N#0-)/!$#M'.&./!>.!<#(-A#/!40.<X)->./!3!<#(-A#/!
?#01)/#/! <)=! #4'=>#=&./! <)0#(./! ?#/-N)/G! <)()=-#(./! 3! 0#?)/)/! K&0#?)! 6LG! /.1'->)!
/'<./-N#?.=&.! >.! #(&.0=#=<-#/! >.! <#(-A#5?#01#! =)>'()/#/G! ?#01#/! <)=! /.0$Q(->)/G!
?#01)<#(-A#/! =)>'()/#/! 4-)&'04#>#/! K&0#?)! 7LG! #0.=-/<#/! 3! (-?)/! X.&.0)(%&-<)/! <)=!
(#?-=#<-E=!(.=&-<'(#0!3!flaserG!#0.=-/<#/!<)=!./&0#&-2-<#<-E=!<0'A#>#!.=!/'0<)!K&0#?)!*L!3!
2-=#(?.=&.! <#(-A#/! =)>'()/#/! <)=!)/&0.->)/! KExogyra latissimaL! K&0#?)!RLG! $#/#=>)!>.!









*D*GHD! I8'%! ()/! &0#=)/! /-(->->(J/&->)/! B&0#=)! *H! 3! :.! >#(-?#/! ;):'()/#/! >);! )/&0.-:)/!
B&0#=)!KH!:.!(#!$#0&.!=.:-#!3!#(&#!:.!(#!';-:#:!)4/.0<#:)/!.;!(#!$(#3#!:.!L)4#3.0#A!;)!




Interpretación del medio sedimentario+! L./$.>&)! :.(! &.>O)! :.! (#! ';-:#:!
-;20#3#>.;&.A! ./&#! ';-:#:! /.! -;&.0$0.&#! >)=)! (#! 0./$'./&#! #! ';! .$-/):-)! :.!
$0)2';:-?#>-9;! 0J$-:#! /.1'-:)! :.! 0.10./-9;D! ,#! ';-:#:! /.! :.$)/-&9! .;! ';! =.:-)! :.!
$(#&#2)0=#!=-N&#! &.00%1.;)5>#04);#&#:#A!:.$)/-&J;:)/.!.;!#=4-.;&./!8'.!<#0%#;!:./:.!
$(#&#2)0=#!>#04);#&#:#!.N&.0;#!0.(#&-<#=.;&.!$0)2';:#!>);!#==);-&./!3!4.(.=;-&./A!#!
&#(':! #00.>-2#(! 3! O#/&#! #=4-.;&./! :.! $(#&#2)0=#! 2#;1)/#! /'4=#0.#(! >);! #4';:#;&./!



















Foto 3.2595! :0#;)! -<2.0-)0! 3! ;.=-)! =.! (#! >)0;#?-@<! A)=.B#/! .<! (#! /.??-@<! =.! A'-()4'?#! CD0.#! =.(!
/-<?(-<#(! =.! E#<&-((#<#F9! A)! G#/.! =.! (#! >)0;#?-@<! A)=.B#/! 2)0;#=#! $)0! '<#! #(&.0<#<?-#! =.! 2#?-./!
H.&.0)(%&-?#/9!B)!I.&#((.!=.!#0.<-/?#!?#(?D0.#!?)<!)/&0.-=)/!3!4-)?(#/&)/9!C)!I.&#((.!=.!#0.<-/?#!?#(?D0.#!
4-)?(D/&-?#9! D)! I.&#((.! =.! (-;)/5#0.<-/?#/! ;-?D?.#/! =.! 10#<)! ;'3! 2-<)52-<)! ?)<! ripples! /-;J&0-?)/! 3!
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Foto 3.2795! :.&#((.! ;.(! &0#<)! /'$.0-)0! ;.! (#! =)0<#>-?@! A);.B#/9!A)! "#(-B#/! <#01)/#/! 3! <#01#/! >)@!



















Foto 3.3095! A)! :/$.;&)! <.(! #2()0#=-.>&)! <.! (#! ?=9! @)<.A#/! B&0#=)! ->2.0-)0! <.! =#01#/! 3! ;#(-A#/!
>)<'()/#/C!.>!(#!D'>&#!<.(!E-;F)/)!3!.(!&0G>/-&)!=.<-#>&.!;)>&#;&)!>.&)!.0)/-H)!B0.10./-I>!2)0A#<#C!#!(#!
?=9!@.);%>!B&0#=)!;#(-A)!/'$.0-)0C!B/.;;-I>!<.!J'#>;./K!G0.#!<.!"';F%#C9!B)!E.&#((.!<.!=#01#/!)/;'0#/!




3.2.1.6. FORMACIÓN REOCÍN 
!
Nombre de la Unidad+!@.);%> 
Rango de la Unidad+!?)0=#;-I>!
 
Antecedentes+!P>-<#<! <.2->-<#! $)0!Q#0;%#5R)><ST#0! B6U87C9! V/! .L'-H#(.>&.! #!
(#/! W"#(-A#/! <.! @.);%>K! P<%#/K! O)H#(./K! R)>&.! X.04.;F#K! ,#! ?()0-<#Y! <.! R.>1#'<!
B6U7ZCK![#00.=4.01!B6U*\C!3!@#&!B6U]UC^!&#=4-S>!;)00./$)><.>!#(!W&0#=)!\Y!<.(!;)0&.!
<.! J#T#! <.!@#&! B.>!"-03!et al.K! 6U_`CK! #(! >-H.(!"6]7*! <.(!R:QO:^! 3! #! (#/! W"#(-A#/! 7!
BQ)(4#0<)CY!<.!Q#0;%#5R)><ST#0!3!D'T#(&.!B6U86C9!a->./!B6U8]C!<.>)=->I!./&#!'>-<#<!









<.! 0.2.0.;9-#! $#0#! ;'./&0)! ./&'<-)! /.! H#! ./&#4(.9-<)! .;! .(! ".00)! <.! "#/&0)0'4-)D!
()9#(-I#<)!.;&0.!J'/&#4(#<)!3!(#!2-;9#!<.!>#;&#!K'(#(-#!A/.99-:;!<.!>#;&#!K'(#(-#!.;!./&.!
&0#4#?)D!L0.#!<.(!/-;9(-;#(!<.!>#;&-((#;#FM!K;!./&.!9)0&.!(#!N)0O#9-:;!P.)9%;!)0-1-;#!';!
10#;! 0./#(&.D! $'<-C;<)/.! )4/.0=#0! .;! <.&#((.! (#/! 9#0#9&.0%/&-9#/! (-&)./&0#&-10L2-9#/! <.! (#!
';-<#<!AN)&)!*M*6QFM!R&0#!/.99-:;!<.!0.2.0.;9-#!<.!(#!';-<#<!.;!./&#!I);#!<.!./&'<-)!/.!
()9#(-I#! .;! (#! 9#;&.0#! <.!,#/!,#/&0%#/D! .;!"#0#;9.?#D! 9.09#!<.!"#/#0! <.!S.0-.<)! AN)&)!
*M*6JFM!K;! .(! L0.#! <.!,#!N()0-<#D! ';#! /.99-:;! 0.$0./.;&#&-=#! <.! (#! ';-<#<! /.! ()9#(-I#!
.;&0.!(#!9'.=#!K(!>)$(#)!3!.(!9.00)!<.!")0);#!<.!Q0;.0)!AN)&)!*M*6"FM!K;!(#!()9#(-<#<!









P)<.I#/!9);! (#!NOM!P.)9%;!./! .0)/-=)M!K;!"'9H%#! A$(#3#!3!9#;&.0#F! .(! 9);&#9&)!<.! (#!
NOM!P)<.I#/!9);!(#!NOM!P.)9%;!;)!#2()0#M!,#!$)&.;9-#!<.!(#!';-<#<!3!.(!(%O-&.!/'$.0-)0!
./! =#0-#4(.! /.1V;! .(! L0.#M! K;! .(! L0.#! <.! ,#! N()0-<#! (#! ';-<#<! 2)0O#! ';! (-&)/)O#!
9#04);#&#<)! .;! 9'W#! 9);! ';! ./$./)0! OLT-O)! <.! *XX! O.&0)/! .;! .(! ./&.! A/.99-:;! <.!
J'/&0-1'#<)F!3!O%;-O)!<.!YZ!O.&0)/!.;!.(!)./&.!A/.99-:;!<.!0%)![#;/#F!AN-1'0#/!*M7!3!
*M*FM! K;! ./&#! I);#! (#! ';-<#<! /.! #$)3#! <-0.9&#O.;&.! /)40.! (#! NOM! S#&0)9-;-)D! /-! 4-.;D!
9)O)! 3#! /.! H#! .T$(-9#<)! #;&.0-)0O.;&.D! H#9-#! .(! )./&.D! .(! V(&-O)! &0#O)! <.! ./&#!
2)0O#9-:;!.G'-=#(<0%#!.;!.<#<!#!$#0&.!<.!(#!N)0O#9-:;!P)<.I#/M!B-.;&0#/!G'.!H#9-#!.(!
./&.!<.!,#!N()0-<#D!(#!4#/.!<.!(#!NOM!P.)9%;!./!.G'-=#(.;&.!.;!.<#<!#(!O.;)/!#!$#0&.!<.!









:0.#! <)/&.0#! ;.! ")>-((#/5B'9&#! "#(;.0C9A! #! D7E! >.&0)/! .9! (#! /.<<-C9! &-$)! ;.! =#9&#!
8'(#(-#A!3!#!'9)/!*F7!>.&0)/!.9!.(!<)0&.!;.!G)@#(./H!89!./&#!:0.#!.(!(%>-&.!/'$.0-)0!;.!
<)9&#<&)!<)9!(#!I>H!,#/!B.J)/#/!./!9.&)!3!./&:!>#0<#;)!$)0!'9!9-@.(!;.!#0<-((#/!@.0;.5




3#! R'.! .(! $#0&.! -92.0-)0! ;.! (#! '9-;#;! 9)! #2()0#H! SR'%! .(! &.<P)! ;.! (#! I>H! T.)<%9! /.!
<#0#<&.0-L#! $)0! $0./.9&#0! 40.<P-2-<#<-C9! 4#K)! '9#! /'$.02-<-.! -00.1'(#0! &#$-L#;#! $)0! '9!
9-@.(! ;.<->?&0-<)! ;.! #0.9-/<#/! 3! (->)/! R'.! -9<('3.9! <(#/&)/! ;.! (#! /.0-.! -920#3#<.9&.!
MI)&)/! *H**! 3! *H*UNH! =.! -9&0.$0.&#! ./&#! /'$.02-<-.! -00.1'(#0! &#$-L#;#! $)0! 40.<P#/! <)>)!
'9#! /'$.02-<-.! ;.! .O$)/-<-C9! /'4#?0.#H! =)40.! ./&.! 9-@.(A! (#! '9-;#;! /'$0#3#<.9&.!
<)00./$)9;.! #! (#!I>H!V#0<.9#<-)9./!;.(!S(4-.9/.!='$.0-)0A! .O-/&-.9;)A! $)0! &#9&)A! '9#!
(#1'9#! ./&0#&-10:2-<#! .9&0.! #>4#/! '9-;#;./! 3! '9! <#>4-)! 40'/<)! .9! .(! &-$)! ;.!
/.;->.9&#<-C9H!
!
89! (#/! /.<<-)9./!;.!='#9<./! MB'9&#!;.(!W-<P)/)N!3!"'<P%#! M$(#3#!;.(!X'.@)NA!
./&#!'9-;#;!./&:!>'3!0.;'<-;#!;.!$)&.9<-#A!./&#9;)!0.$0./.9&#;#!/)()!$#0&.!;.!.((#!$)0!
'9! 9-@.(! ;.! YZE! >.&0)/! ;.! $)&.9<-#! ;.! <#(-L#/! ;.! $(#&#2)0>#! /)>.0#! <)9! )/&0.-;)/A!
0';-/&#/!3!)9<)-;./!;.!Lithocodium-Bacinella MI)&)!*H*FNH!SR'%!(#!4#/.!;.!./&.!9-@.(!;.!
<#(-L#/! ./! (-1.0#>.9&.! .0)/-@)! 3! $0./.9&#! /)40.! (#! /'$.02-<-.! ;.! .0)/-C9! '9! &0#>)!
-00.1'(#0! ;.! P#/&#! 7A*! >! ;.! $#0#40.<P#! <#(<:0.#! R'.! -9<)0$)0#! <#9&)/! ;.! ()/! 9-@.(./!
-920#3#<.9&./!.9!'9#!>#&0-L!4-)<(:/&-<#! M-9&.0$0.&#;)!.9!./&#! &./-/!<)>)!'9#!/'$.02-<-.!
;.!0.10./-C9!2)0L#;#N!MI)&)/!*H*7S!3!*H*YNH!8(!&.<P)!;.!(#!'9-;#;!./!'9!9-@.(!-00.1'(#0!
;.<->?&0-<)! ;.! 40.<P#/! <#(<:0.#/! R'.! -9<)0$)0#! <#9&)/! 9.10)/A! -9&.0$0.&#;)! <)>)!'9#!















<)0=#9->:!?.)9%:! .:! .(!".00)!;.!"#/&0)0'4-)G! ()9#(-D#;)! .:&0.!H'/&#4(#;)!3! (#! 2-:9#! ;.!I#:&#!J'(#(-#!















Foto 3.3385! 9.:;)! <.! (#! =>8! ?.):%@! .@! (#! :#@&.0#! <.! "':;%#A! :#0#:&.0-K#<)! $)0! (#! $0./.@:-#! <.!
40.:;-2-:#:-L@!3!'@#!/'$.02-:-.!-00.1'(#0!&#$-K#<#!$)0!'@!@-B.(!<.:->M&0-:)!<.!#0.@-/:#/!3!(->)/!(#>-@#<)/!



































((.1#0! .(! &.:@)! @#/&#! (#! 4#/.! ?.(! A(4-.</.! B<2.0-)0>! .<! 4#/.! #! /'! :)<&.<-?)! .<!
)04-&)(%<-?)/!3!)&0)/!2)0#9-<%2.0)/!4.<&;<-:)/!3!/'!$)/-:-;<!./&0#&-10C2-:#D!A/%>!E#9%0.F!
?.(! G)F)! H6IJKL! ?./:0-4.! (#! $0./.<:-#! ?.! Orbitolina! HMesorbitolinaL! texana texana!
HEM8N8EL>! Sabaudia minuta! HOMPQ8EL! 3! Simplorbitolina manasi! "BER! 3! EASD!
")((-1<)<!et al.! H6IJIL!:-&#<! &#94-T<!Sabaudia minuta HOMPQ8EL>!Pseudochoffatella 
cuvillieri! U8,MPPE8>! Orbitolina (Mesorbitolina) parva! UMV=,AWW>! Orbitolina 
(Mesorbitolina) minuta!UMV=,AWW>!Orbitolina (Mesorbitolina) texana!HEM8N8EL>!3!
Orbitolinopsis reticulada! NMV,,AU8! 3! G8RX8EYZW! $#0#! (#! $#0&.! 9.?-#! ?.! (#!
'<-?#?! .<! E.):%<! 3! $#0#! (#! $#0&.! 4#[#! ?.(! #2()0#9-.<&)! ?.! (#! :#<&.0#! ?.! "':@%#>!
/'1-0-.<?)!'<#!.?#?!=#01#/-.</.!/'$.0-)0!$#0#!./&.!&0#9)D!8<!(#!$#0&.!#(&#!?.!(#!'<-?#?!
:-&#<! Simplorbitolina manasi! "BER! 3! EAS>! Orbitolinopsis :2D buccifer! AEYAVU!
\AYY8AV! 3! SOB8V,MR> Coskinolinella daguini! U8,NAW! 3! U8,MPPE8! 3!







Descripción+! 8<! 1.<.0#(>! (#! P)09#:-;<! E.):%<! ./&C! :)9$'./&#! $)0! '<#!
/'::./-;<! ?.! :#(-F#/! 4-):(C/&-:#/>! :#(-F#/!9-:0%&-:#/! :)<!B. irregularis5L. aggregatum,!
:#(-F#/!:)<!9-(-;(-?)/>!0'?-/&#/!3!:)0#(./>!3!9#01):#(-F#/!:)<!:)0#(./!3!)04-&)(-<#/>!^'.!
#$#0.:.<! $#0:-#(9.<&.! ?)()9-&-F#?#/D! ,#! '<-?#?! $0./.<&#! ?)/! &0#9)/! )! /.:'.<:-#/!
:(#0#9.<&.! ?-2.0.<:-#4(./D! 8(! &0#9)! )! /.:'.<:-#! -<2.0-)0! ./! 9C/! 9#/-b)! 3! ./&C!
:)</&-&'-?)! $0-<:-$#(9.<&.! $)0! #(&.0<#:-#/! ?.! 4#<:)/!9T&0-:)/! ?.! :#(-F#/!grainstone! 3!
wackestone-packstone! :)<! 9-(-;(-?)/>! )04-&)(-<#/>! 1#/&.0;$)?)/! 3! 0'?-/&#/>! 3! $)0!
$#^'.&./!?.:-9T&0-:)/!#!9T&0-:)/!?.!:#(-F#!9-:0%&-:#!:)<!B. irregularis5L. aggregatum!
2)09#<?)! 9#/#/! -00.1'(#0./! )! lumps! HP)&)! *D*cULD! 8(! &0#9)! )! /.:'.<:-#! -<2.0-)0! /.!
.<:'.<&0#!$0.2.0.<&.9.<&.!?)()9-&-F#?)!.<!10#<!$#0&.!?.(! C0.#!?.!./&'?-)D!8(! &0#9)!)!
/.:'.<:-#!/'$.0-)0!./!9C/!./&0#&-2-:#?)!3!./&C!2)09#?)!$0-<:-$#(9.<&.!$)0!'<#!/':./-;<!
?.! 4#<:)/! 1.<.0#(9.<&.! 9C/! :'4-.0&)/>! :)</&-&'-?)/! $)0! (-9)/! :#04)<)/)/>! 9#01#/! 3!
:#(-F#/!<)?'()/#/!:)<!)04-&)(-<#/>!./$)<[#/!3!:)0#(./!9#/-b)/!3!&#4'(#0./>!^'.!#(&.0<#<!
















=);$)<.<! (#! A;B! F.)=%<! ./! '<! <-N.(! 9.! 40.=H-2-=#=-8<! @A)&)! *BOPD:! -<&.$0.&#9)! #M'%!
=);)! '<! (%;-&.! 9.! /.='.<=-#:! M'.! -<=)0$)0#! -<&0#=(#/&)/! 9.! &#;#Q)! 9.=-;>&0-=)! 9.!
=#(-?#/! =)<! 0'9-/&#/! 3! 1#/&.08$)9)/! 3! =#<&)/! <.10)/! 9.! <#&'0#(.?#!;-=0%&-=#! 3! &#;#Q)!
=.<&-;>&0-=)B!,#!;#&0-?! .<&0.! ()/! =(#/&)/! ./&I! =);$'./&#!$)0!;#01#/! =)<!)04-&)(-<#/!3!
$)0!=#(=#0.<-&#/!packstone!=)<!4-)=(#/&)/B!J/&.!<-N.(!/.!H#!)4/.0N#9)!/)()!.<!(#/!?)<#/!
;I/!)==-9.<&#(./!9.! (#!$(#&#2)0;#!9.(! /.=&)0!9.!,#!A()0-9#! @/.==-)<./!9.! 0%)!R#</#!3!
FI4#1)DB!J<!.(!0./&)!9.!(#/!?)<#/:!.(!(%;-&.!.<&0.!()/!9)/!&0#;)/!)!/.='.<=-#/!9.!(#!A;B!
F.)=%<!/.!H#!./&#4(.=-9)!.<!'<#!/'$.02-=-.!-00.1'(#0!4-)&'04#9#5<)9'(-?#9#:!&#$-?#9#!$)0!




/.1'89)! .$-/)9-)! 9.! $(#&#2)0=#! ;#04)8#&#9#! ;#0#;&.0-A#9)! $)0! #(&.08#;-#! 9.! 4#8;)/!







































Interpretación del medio sedimentario+! 89! 1.9.0#(! .(! $#/)! :.! (#! ;)0<#=->9!
?):.@#/! #! (#! ;)0<#=->9!?.)=%9! 0.$0./.9&#! '9#! =#%:#! 0.(#&-A#! :.(! 9-A.(!<#0B! $#/#9:)!
10#:'#(<.9&.!:.!'9!#<4-.9&.!:.!$(#&#2)0<#!=#04)9#&#:#!.C&.09#5='.9=#!0.(#&-A#<.9&.!
$)40.! .9! )C%1.9)B! =)9! #<<)9-&./! 3! 4.(.<9-&./B! #! '9! #<4-.9&.! :.! $(#&#2)0<#!
=#04)9#&#:#!/)<.0#!=)9!A#0-#=->9!:.!#<4-.9&./!:./:.! lagoon! 0./&0-91-:)!#!$(#&#2)0<#!




3.2.1.7. FORMACIÓN LAS PEÑOSAS 
!
Nombre de la Unidad+!,#/!E.F)/#/ 
Rango de la Unidad+!;)0<#=->9!
 
Antecedentes+! G9-:#:! :.2-9-:#! $)0! H#0=%#5I)9:JK#0! L67MNO! 3! #:<-&-:#! $)0! P-9./!








:)9:.! ()/!<.K)0./! #2()0#<-.9&)/! /.! R#((#9! .9! (#/! /.==-)9./! :.(! 0%)! [#9/#B! ?\4#1)! 3!
E(#@#! :.(! I)9&.D! ]&0#! /.==->9! :.! 0.2.0.9=-#! <'3! 4-.9! #2()0#:#! /.! ()=#(-@#! .9! (#!
.9/.9#:#!:.!;)920%#B!#(!./&.!:.!")<-((#/D!
!
Aspectos regionales+!,#!;)0<#=->9!,#/!E.F)/#/! /'.(.!#$#0.=.0! ='4-.0&#! .9! (#!
<#3)0!$#0&.!:.!(#/!/.==-)9./!:.4-:)!#!/'!=#0\=&.0!20-#4(.D!Z:.<\/B!$0./.9&#!A#0-#=-)9./!
(#&.0#(./!:.! ./$./)0! -<$)0&#9&./B! ((.1#9:)! -9=('/)! #!:./#$#0.=.0!$)0! #='F#<-.9&)! #! (#!
#(&'0#!:.!^)00.(#A.1#! L?.)=%9OD!_.!./&#! 2)0<#B! .9! (#/! /.==-)9./!:.!"'=R%#!3!W'#9=./!





/.9&)0./! :.! ,#! ;()0-:#<! /-=9(-=#(! :.! >#=&-((#=#! 3!")?-((#/@!A.4-:)! #! ./&)<! .=!?'9B#/!
9#0&)10#2%#/!3!&0#4#C)/!$0.D-)/!.=!(#/!E)=#/!:)=:.!(#!;?@!,#/!F.G)/#/!./&H!#'/.=&.<!/.!B#!
9)=2'=:-:)!(#!;?@!,#/!F.G)/#/!9)=!(#!;?@!I-.(4#<! &#?4-J=!/-(-9-9(H/&-9#<!:.(!K(4-.=/.!
>'$.0-)05".=)?#=-.=/.! L=2.0-)0<! 3! (#! '=-:#:! 9#(-E#! /-&'#:#! :.4#C)! :.! .((#! M'.!
9)00./$)=:.!9)=!(#!;?@!I#09.=#9-)=./!:.(!K(4-.=/.!>'$.0-)0<!/.!B#!9)=2'=:-:)!9)=!(#!




U=! .(! /.9&)0! :.! ,#! ;()0-:#<! (#! ;?@! ,#/! F.G)/#/! $0./.=&#! /'! ?#3)0! $)&.=9-#!
S#(0.:.:)0!:.!688!?.&0)/T!.=!(#!E)=#!)0-.=&#(!S/.99-)=./!:.!I'/&0-1'#:)!3!:.!F(#E#!:.(!
V)=&.T<! 3! (#!?.=)0! S'=)/! 7W!?.&0)/T! .=! (#! /.99-X=! :.!NH4#1)! S;-1'0#! *@7T@!KM'%! .(!





(#!;?@!N.)9%=! /.! .=9'.=&0#=! 9'4-.0&)/! S;)&)!*@7ZT@!KM'%! .(! ./$./)0!:.! (#! '=-:#:! ./&H!




$)&.=9-#! .=! .(! /-=9(-=#(! :.! "X40.9./! SZ88!?.&0)/T@! \)! )4/&#=&.<! .=! ./&#! E)=#! =)! 2'.!
$)/-4(.! .(! (.D#=&#?-.=&)! :.! =-=1'=#! 9)('?=#! ./&0#&-10H2-9#! :.4-:)! #! (#! #4'=:#=&.!
D.1.&#9-X=! M'.! 9'40.! (#! '=-:#:<! $':-J=:)/.! 0.#(-E#0! .Y9('/-D#?.=&.! )4/.0D#9-)=./!
$'=&'#(./@!A.4-:)!#! ./&)<! .=! ./&.! H0.#! ()/! (%?-&./! -=2.0-)0!3! /'$.0-)0! 9)=! (#/!'=-:#:./!
-=20#3#9.=&.!3!/'$0#3#9.=&.!/)=!:-2-9-(./!:.!)4/.0D#0@!P=!4'.=!#2()0#?-.=&)!:.(!(%?-&.!
















=#<! >-/&-<1'->)! &0./! /'45'<->#>./! >.! :#0H:&.0! -<2)09#(! .<! 4#/.! #! /'/! :#0#:&.0%/&-:#/!
(-&)(;1-:#/! BR#S#00)! et al.A! NTTLFA! >.<)9-<#>#/! >.! 4#/.! #! &.:=)+! ,#/! K.Q)/#/! 6A! ,#/!
K.Q)/#/! N! 3! ,#/! K.Q)/#/! *! BI-1'0#! *O7FO! ,#! $)&.<:-#! >.! (#! /'45'<->#>! -<2.0-)0! B,#/!
K.Q)/#/!6F!U#0%#!.<&0.!66!9.&0)/!B/.::-;<!>.!CH4#1)F!3!7T!9.&0)/!B/.::-;<!>.!K(#J#!>.(!
@)<&.FA! 3! /.! :#0#:&.0-J#! $)0! $0./.<&#0! '<#! #(&.0<#<:-#! >.! :#(-J#/!grainstone! )! :#(-J#/!
4-):(H/&-:#/! :)<! #4'<>#<&./! )/&0.->)/A! :#(-J#/! 9#01)/#/5(-9)/#/! <)>'()/#/! 3!
4-)&'04#>#/A!3!(-9)/!:)<!>.(1#>)/!<-U.(./!>.!#0.<#!9'3!2-<#!3!(#9-<#:-;<!:0'J#>#O!E<!
:)<S'<&)A! ,#/! K.Q)/#/! 6! 9'./&0#! '<#! >-/9-<':-;<! >.(! :)<&.<->)! .<! :#04)<#&)! 3! '<!




wavyA!linsen!3!flaser!3!mud drapes, )!:)<!./&0#&-2-:#:-;< hummocky!BY"ZF!>.!$.V'.Q#!
./:#(#! 3! ripples! >.! )/:-(#:-;<! 3! >.! :)00-.<&.A! --F! (-9)/! 4-)&'04#>)/! BRhizocoralliumA!
TeichichnusF! 3! ('&-&#/! )/:'0#/! /'(2'0)/#/! :)<! 0./&)/! >.! :#04;<A! 20#19.<&)/! U.1.&#(./A!
9)(>./!$-0-&-J#>)/!>.!$.V'.Q)/!1#/&.0;$)>)/!3!4-U#(U)/!9#0-<)/!3!#4'>#<&./!$-.J#/!>.!
H94#0A!---F!#0.<-/:#/!>.!10#<)!2-<)!#!10'./)!:)<!./&0#&-2-:#:-;<!:0'J#>#!)01#<-J#>#/!.<!





9)&.#:)! 3! ();#(9.<&.! ='.((#/! :.! 0#%;./! >$#(.)/'.()/?@! A-<#(9.<&.B! (#! /'45'<-:#:!
/'$.0-)0!>,#/!C.D)/#/!*?!$0./.<&#!'<!./$./)0!E'.!F#0%#!.<&0.!6*!9.&0)/!.<!(#!/.;;-G<!:.!
HI4#1)!3!7J!9.&0)/!.<!(#!/.;;-G<!:.!C(#K#!:.(!L)<&.@!M.!;#0#;&.0-K#!$)0!'<#!#(&.0<#;-#!
:.! (-9)/! 9#01)/)/! 3! #0.<#/! :.! 10#<)! 9'3! 2-<)! 3! ;#(-K#/! packstone! ;)<! )/&0.-:)/B!
1#/&.0G$):)/! 3! 4-F#(F)/B! 2)09#<:)! /.;'.<;-#/! 9N&0-;#/! &.00%1.<)5;#04)<#&#:#/! E'.!






















Interpretación del medio sedimentario+!,#! /'45'8-9#9! -82.0-)0! :,#/!;.<)/#/!
6=>!)4/.0?#9#!/)()!.8!.(!/.@&)0!9.!,#!A()0-9#>!/.!-8&.0$0.&#!@)B)!'8#!'8-9#9!&0#8/-@-)8#(!
9.$)/-&#9#!.8!'8!#B4-.8&.!9.4#C%#!@)8!'8#!$0)10./-?#!-82('.8@-#!/-(-@-@(D/&-@#!9'0#8&.!
.(! -8-@-)!9.!'8! .$-/)9-)! &0#8/10./-?)! &0#/! (#! .E$)/-@-F8! /'4#G0#!9.! (#!ABH!I.)@%8H!,#!
/'45'8-9#9! -8&.0B.9-#! :,#/! ;.<)/#/! J=>! ./! -8&.0$0.&#9#! @)B)! (#! $0)10#9#@-F8! 9.! '8!
/-/&.B#!9.(&#-@)>!@)8!#B4-.8&./!K'.!?#0%#8!9./9.! 20.8&.!9.(&#-@)>!@)8!$0)10#9#@-F8!9.!
4#00#/! 9.(&#-@#/! 9.! 9./.B4)@#9'0#! 3! 4#00#/! 9-/&#(./>! #! ((#8'0#! 9.(&#-@#>! @)8! L)8#/!
.B.01-9#/! @)8! 9./#00)(()! 9.! $#(.)/'.()/>! /'0@#9#/! $)0! @#8#(./! 9-/&0-4'-&#0-)/! 9.! 0%)/!
B.#890-2)0B./! 3! $)0! 4#C%#/! -8&.09-/&0-4'&#0-#/H!M(! 9./4)09#B-.8&)! 9.! ()/! 0%)/! 9'0#8&.!
10#89./! &)0B.8&#/! 9.4-F! $0)9'@-0! -8'89#@-)8./! K'.! #@'B'(#0)8! .8! (#/! 4#C%#/!
-8&.09-/&0-4'&#0-#/! #0@-((#/! 3! (-B)/! @)8! #4'89#8&./! C)N#/>! 20#1B.8&)/! 9.! &0)8@)/! 3!
.?.8&'#(B.8&.!$-.L#/!9.!DB4#0>!$0)?.8-.8&./!9.!L)8#/!4)/@)/#/!BD/!-8&.0-)0./!:O#N#00)!
et al.>! JPPQ=H! M/&)/! #B4-.8&./! .?)('@-)8#8! 0D$-9#B.8&.! .8! (#! ?.0&-@#(! #! #B4-.8&./!
(-&)0#(./!9.!((#8'0#!B#0.#(!3!./&'#0-8)/!@)8!#4'89#8&.!4-)&'04#@-F8>!3!@)8!-82('.8@-#!9.!





3.2.1.8. FORMACIÓN BARCENACIONES 
!
")B)!/.!C#!.E$(-@#9)!#8&.0-)0B.8&.>! .(! ./&'9-)!9.!./&#!'8-9#9!K'.9#! 2'.0#!9.!
()/! )4N.&-?)/! 9.! ./&.! &0#4#N)! 9.! -8?./&-1#@-F8H! S-8! .B4#01)>! 9.4-9)! #! K'.! /'! 4#/.!
@)8/&-&'3.! .(! datum! 9.! &.@C)! 0.2.0.8@-#! 9.! (#! /'@./-F8! ./&'9-#9#>! /.! C#! @)8/-9.0#9)!
)$)0&'8)!-8@('-0!'8#!9./@0-$@-F8!9.!(#!'8-9#9!.8!./&.!#$#0&#9)H!
!
Nombre de la Unidad+!T#0@.8#@-)8./ 
Rango de la Unidad+!A)0B#@-F8!
 
Antecedentes+!,#!A)0B#@-F8!T#0@.8#@-)8./! 2'.!9.2-8-9#!$)0!U#0@%#5V)89GN#0!







Secciones de referencia+! 9(! :)0&.! &-$)! /.! ./&#4(.:.! .;! .(! <#((.! =.(! 0%)! >#?#@! #!
)0-((#/!=.!(#!:#00.&.0#!#!/'!$#/)!$)0!(#!():#(-=#=!=.!A#0:.;#:-);./!B)./&.!=.!C)00.(#<.1#D!







Aspectos regionales+!,#!';-=#=!#2()0#!.;! (#/! &0./!M0.#/!=.!./&'=-)K!9;!.(!:)0&.!
&-$)! (#! ';-=#=! $0./.;&#! ';)/! 6YY! U.&0)/! =.! $)&.;:-#K! 9/&.! ./$./)0! /.! 0.=':.!
$0)10./-<#U.;&.!T#:-#!.(!;)0&.!3!;)0./&.@!$0./.;&#;=)!';#!$)&.;:-#!=.!Z8!U.&0)/!.;!.(!
:)0&.! =.! (#! :#00.&.0#! =.! P)<#(./! #! Q0./;.=)@! U-.;&0#/! O'.! .;! .(! /.:&)0! =.! "':T%#!
$0./.;&#!JY!U.&0)/!=.!$)&.;:-#!.;!.(!:)0&.!=.!(#!:#;&.0#!=.!>)(<#3!3!';)/!6*!U.&0)/!.;!
(#!/.::-[;!=.!>'#;:./!BW';&#!=.(!X-:T)/)DK!9;!.(!M0.#!=.!,#!Q()0-=#!/'!$)&.;:-#!<#0%#!




QUK! ,#/! W.\)/#/! /.! :#0#:&.0-N#! $)0! ';! :#U4-)! 10#='#(! .;! .(! &-$)! =.! /.=-U.;&#:-[;@!
U-.;&0#/!O'.!.;!.(!M0.#!=.!"':T%#@!.(!:);&#:&)!:);!(#!';-=#=!-;20#3#:.;&.!BQUK!S.):%;D!
./! ';#! =-/:);&-;'-=#=! :);! (#1';#! ./&0#&-10M2-:#K! ]O'%! (#! 2)0U#:-[;! $0./.;&#! ';#!




Edad: 9(! :);&.;-=)! 2[/-(! =.! ./&#! 2)0U#:-[;! (.! )&)01#! ';#! .=#=! ](4-.;/.!
>'$.0-)0K!]/%@!.;! (#/!/.::-);./!./&'=-#=#/!/.!T#;!-=.;&-2-:#=)@!T#:%#! (#!$#0&.!#(&#!=.! (#!
';-=#=@!;'U.0)/)/!.?.U$(#0./!=.!Caprina Choffati!XL_`^,,a!BQ)&)!*K77D@!3#!:-&#=)/!
.;! ()/! &0#4#?)/!=.!F.;1#'=! B6HJYD!3!S#&! B6H8HD@!3! :'3#!=-/&0-4':-[;!./&0#&-10M2-:#! /.!
#/-1;#! #! (#! $#0&.! #(&#! =.(! ](4-.;/.! >'$.0-)0! B`0#:);-.;/.D! BF#//.! et al.@! 6HHIDK!
F.;1#'=!B6HJYD!:-&#!.;!()/!;-<.(./!U#01)/)/!;)='()/)/!:);!4-<#(<)/!=.!(#!$#0&.!4#/#(!
=.! (#! ';-=#=! .;! (#! .;/.;#=#! =.! Q);20%#! B")U-((#/D@! ()/! #UU);%&-=)/!Parengonoceras 
ebrayi!X9!,LS^L,@!Cnemiceras (Placenticeras) uhligi!"VLQQ]C! /$K! 3!Cnemiceras 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'()!*+!,-&)./&0#&-10#2%#!3!4-)./&0#&-10#2%#!
5!678!5!












HU#0C%#5V)ABWM#0?! 6LXYJ>!:(!F-.F40)! -A2.0-)0! $0./.A&#!'A)/!Z[!F.&0)/!B.!$)&.AC-#! 3!
./&S! C)F$'./&)! $)0+! -J! C#(-\#/! packstone5wackestone! A)B'()/#/! 3! (#F-A#B#/! C)A!
)04-&)(-A#/?!F-(-P(-B)/?!1#/&.0P$)B)/?!)/&0.-B)/!3!#(1#/]!--J!A-^.(./!B.!F#01#/!A)B'()/#/!
C)A!4-)C(#/&)/!3!1(#'C)A-&#!3! ---J! C#(C#0.A-&#/!packstone5grainstone! C)A!./&0#&-2-C#C-PA!
C0'\#B#! .A! /'0C)! 3! hummocky?! 4-)C(#/&)/! 3! 1(#'C)A-&#! B.&0%&-C#>! :(! F-.F40)! F.B-)!
C)A/-/&.!.A!'A)/!Y[!F.&0)/!B.+!-J!#0.A-/C#/!C)A!./&0#&-2-C#C-PA!C0'\#B#!3!)04-&)(-A#/]!3!--J!
(-F)/5('&-&#/! C)A! ripples! B.! C)00-.A&.?! 4-)C(#/&)/! 3! 0./&)/! B.! C#04PA>! :(! F-.F40)!
/'$.0-)0?! B.! .B#B! G0#C)A-.A/.?! ./&S! 2)0F#B)! $)0! 'A)/! 6_! F.&0)/! B.+! -J! C#(-\#/!
packstone5wackestone! A)B'()/#/! C)A! C)0#(./! 0#F)/)/! 3! F#/-^)/?! 0'B-/&#/! C#$0%A-B)/!






B(! /.1'-C-.=&)! <#0&)10D2-<)! 3! )4/.0E#<->=! @.! (#! '=-@#@! .=! (#/! @-2.0.=&./!
/.<<-)=./!./&'@-#@#/!$.0C-&.!@.&.0C-=#0!F'.!.=!.(! D0.#!@.!,#!G()0-@#A!"'<H%#!3!.=!.(!
/.<&)0!@.!")C-((#/!./&D!#'/.=&.!.(!C-.C40)!C.@-)!IG)&)/!*97J!3!*97KL5";A!C-.=&0#/!F'.!
.=! .(! D0.#!@.! (#! <)/&#! #(! =)0&.!3! ./&.!@.!"'<H%#! I/.<<-)=./!@.!M'#=<./!3!M)C)<'.E#;!




'=)/! 6R! C.&0)/! @.! $)&.=<-#A! ./&D! <)=/&-&'-@)! $)0! <#(-?#/! C#01)/#/! packstone! 3!
wackestoneA! #(1)! =)@'()/#/A! <)=! )04-&)(-=#/A! )/&0.-@)/A! 1#/&.0>$)@)/A! 3! <)0#(./A! <'3)!
&.<H)! ./&D! 0.$0./.=&#@)! $)0! '=#! /'$.02-<-.! -00.1'(#0! @.! 4-)&'04#<->=! <)=! <)=&.=-@)!
-C$)0&#=&.! @.! 1(#'<)=-&#! IG)&)! *97JBA! /.<<->=! @.! 0%)! S#=/#;A! -=&.0$0.&#@#! <)C)! '=#!
@-/<)=&-='-@#@!#/)<-#@#!<)=!-='=@#<->=!3!<)=@.=/#<->=9!B(!C-.C40)!/'$.0-)0!@.!(#!GC9!
Q#0<.=#<-)=./!./&D!<)=/&-&'%@)!$)0!'=#!/'<./->=!@.!7*!C.&0)/!@.!&0#C)/!@.!6!#!7!C.&0)/!
@.!C#01#/! (-C)/#/!C-<D<.#/! <)=! =-E.(./! <.=&-CT&0-<)/! #! @.<-CT&0-<)/! @.! <#(-?#/! <)=!
(#C-=#<-)=./! ./&0)C#&)(%&-<#/! IG)&)! *97J"5P;! 3! &0#C)/! CT&0-<)/! #! @.<#CT&0-<)/! @.!
10#-=/&)=.! <)=! ./&0#&-2-<#<->=! <0'?#@#A! F'.! #(&.0=#=! .=! /.<'.=<-#/! CT&0-<#/! #!
@.<#CT&0-<#/!IG)&)!*97JLA!QA!B;9!
!
Interpretación del medio sedimentario+!,)/!C-.C40)/!-=2.0-)0!3!/'$.0-)0!@.!(#!
G)0C#<->=! Q#0<.=#<-)=./! $0./.=&#=! 2#<-./! <#0#<&.0%/&-<#/! @.! #C4-.=&./! #4-.0&)/! @.!
$(#&#2)0C#!<#04)=#&#@#!C.@-#!3!.U&.0=#!@.!4#V#!.=.01%#!I<#(-?#/!<)=!<)0#(./!3!0'@-/&#/A!
<#(-?#/!=)@'()/#/!4-)&'04#@#/A!<#(-?#/!C#01)/#/!3!C#01#/!<)=!#CC)=-&./;!3!@.!4#V%)/!)!
shoals! @.$)/-&#@)/! .=! #C4-.=&./!@.! #(&#! .=.01%#! ()<#(-?#@)/! .=! (#!$#0&.!C.@-#!@.!'=#!
0#C$#! <#04)=#&#@#! #2.<&#@#! $)0! <)00-.=&./! C#0.#(./! 3! &)0C.=&#/9! B/&)! /'1-.0.! '=#!
#(&.0=#=<-#!@.!$.0-)@)/!CD/!.=.01T&-<)/A!<#0#<&.0-?#@)/!$)0!.(!@./#00)(()!3!C-10#<->=!@.!
4#00#/! @.! <#(<#0.=-&#/! <)=! ./&0#&-2-<#<->=! <0'?#@#A! 3! @.! )&0)/! C.=)/! .=.01T&-<)/A!
<#0#<&.0-?#@)/! $)0! (#! @.<#=&#<->=! @.! #0<-((#/! 3!C#01#/A! 3! $)0! @./#00)(()! @.! #4'=@#=&.!










Foto 3.4595! :/$.;&)! <.! (#/! <-/&-=&#/! 2#;-./! >'.! 2)0?#=! (#! @)0?#;-A=! B#0;.=#;-)=./! .=! .(! C0.#! <.! ,#!
@()0-<#!D/.;;-A=!<.!0%)!E#=/#F9!A)!:/$.;&)!1.=.0#(!<.!4#=;)/!<.!;#(;#0.=-&#/!;)=!./&0#&-2-;#;-A=!;0'G#<#!
>'.!#(&.0=#=!;)=!=-H.(./!?#01)/)/!;)=!1(#';)=-&#9!B)!I.&#((.!<.!./&0#&-2-;#;-A=!;0'G#<#!.=!()/!4#=;)/!<.!
;#(;#0.=-&#9! C)! :(&.0=#=;-#! <.! ?#01#/! ;)=! =-H.(./! ;.=&-?J&0-;)/! <.! ;#(-G#/! ;)=! (#?-=#;-A=! <.!
./&0)?#&)(-&)/9!D)!I.&#((.!<.! ()/!=-H.(./!<.!./&0)?#&)(-&)/! (#?-=#<)/9!E)!:/$.;&)!<.! (#! ;#(-G#!?#01)/#!
;)=!)/&0.-<)/!3!;)0#(./! D$#0&.! -=2.0-)0!<.! (#! -?#1.=FK! #(&.0=#=;-#!<.!?#01#/!3!=-H.(./!<.!./&0)?#&)(-&)/!
(#?-=#<)/! D$#0&.!?.<-#F!3!4#=;)!<.!;#(;#0.=-&#/! D$#0&.! /'$.0-)0!<.! (#! -?#1.=F9!F)!I.&#((.!<.(! &.;L)!<.!



















3.2.2. APORTACIONES A LA BIOESTRATIGRAFÍA  
 
9.!:#! 0.#(-;#<)!'=! #=>(-/-/! 4-)./&0#&-10>2-?)!4#/#<)! .=!.(! ./&'<-)!<.!<-2.0.=&./!
10'$)/! 2@/-(./! 0.?)(.?&#<)/! .=! A#0-#/! /.??-)=./! ./&0#&-10>2-?#/! <.(! >0.#! <.! ./&'<-)B!C=!
$#0&-?'(#0D! ()/! ./&'<-)/! 4-)./&0#&-10>2-?)/! /.! :#=! ?.=&0#<)! $0-=?-$#(E.=&.! .=! (#/!
/.??-)=./!<.!0%)!F#=/#5G>4#1)!H>0.#!<.!,#!I()0-<#J!3!"'?:%#59'#=?./!H>0.#!<.!"'?:%#JD!
()?#(-;#<#/!.=!()/!.K&0.E)/!9L!3!FC!0./$.?&-A#E.=&.!<.(!>0.#!<.!./&'<-)D!?)=!.(!2-=!<.!
?)E$0)4#0! (#! .K&.=/-@=! (#&.0#(! 3! (#! 2-#4-(-<#<! <.! (#! ?)00.(#?-@=! <.! (#/! '=-<#<./!
(-&)./&0#&-10>2-?#/D!<.!$0.?-/#0!E.M)0!.(!.=?'#<0.! &.E$)0#(!<.! ()/!.A.=&)/!./&'<-#<)/D!3!
<.! $)<.0! <.&.0E-=#0! (#! $)/-4(.! .K-/&.=?-#! )! =)! <.! <-/?)=&-='-<#<./! /-1=-2-?#&-A#/! .=!
./&#/! ;)=#/! <.! $#(.)#(&)! 0.(#&-A)! 3D! .=! ()! $)/-4(.D! (#! E#1=-&'<! <.! (#/! (#1'=#/!
./&0#&-10>2-?#/!#/)?-#<#/!#!N/&#/B!!
9.1O=! (#/! '=-<#<./D! ()/! 2@/-(./! ?)=! A#()0! 4-)./&0#&-10>2-?)! 0.?)(.?&#<)/! )!
-<.=&-2-?#<)/D! ?)=! #3'<#! <.! <-2.0.=&./! ./$.?-#(-/&#/D! /)=+! #EE)=-&./D! 2)0#E-=%2.0)/!
$(#=?&@=-?)/D!2)0#E-=%2.0)/!4.=&@=-?)/D!=#=)2@/-(./!?#(?>0.)/D!0'<-/&#/!3!$#(-=)E)02)/B!
C=! $#0&-?'(#0D! ()/! ='.A)/! <#&)/! 4-)./&0#&-10>2-?)/! #$)0&#<)/! .=! ./&.! ./&'<-)! :#=!
$.0E-&-<)!0.<.2-=-0!#(1'=#/!<.!(#/!4-);)=#/!<.!#EE)=-&./!<.2-=-<#/!$0.A-#E.=&.!$#0#!.(!
P$&-.=/.! Q=2.0-)0! <.(! >0.#D! 3! ?#(-40#0! .! -=&.10#0! N/&#/! M'=&)! ?)=! 4-);)=#/! <.!
2)0#E-=%2.0)/!$(#=?&@=-?)/!3!=#=)2@/-(./!?#(?>0.)/B!R#E4-N=!:#=!$.0E-&-<)!?#0#?&.0-;#0!
E.M)0! (#! #/)?-#?-@=! <.! 2)0#E-=%2.0)/! 4.=&@=-?)/! $#0#! (#/! '=-<#<./! ?#(?>0.#/! <.(!
P$&-.=/.! 3! P(4-.=/.D! #/%! ?)E)! ./&#4(.?.0! $)0! $0-E.0#! A.;! 4-);)=#/! <.! =#=)2@/-(./!




#$)0&#<)/! .=! ./&.! &0#4#M)D! M'=&)! ?)=! (#! 0.A-/-@=! <.! <#&)/! $0.A-)/! HV.=1#'<D! 6WX8Y!
")((-1=)=!et al.D!6WZWY!G#E%0.;!<.(!S);)D!6WZXY!F#M#00)!et al.D!X8664JB!














9'0#:&.! .(! ;./#00)(()! ;.! (#/! (#4)0./! ;.! <#=$)! ;.! ./&#! -:>./&-1#<-?:@! ()/!
A#((#B1)/!;.!#==):-&./!A#:!/-;)!0.(#&->#=.:&.!./<#/)/!.:!<'#:&)!#!:->.(./!.:<):&0#;)/@!
(-=-&C:;)/.! #! ()/! ;.$?/-&)/! =#01)/)/! ;.! $(#&#2)0=#! #4-.0&#! ;-/&#(! 3! <'.:<#! ;.! (#/!
D)0=#<-):./!E#&0)<-:-)!3!F#0<.:#<-):./@!;.(!G$&-.:/.!H:2.0-)0!3!;.(!G(4-.:/.!I'$.0-)0!
0./$.<&->#=.:&.. 
9.! (#/! ;->.0/#/! /.<<-):./! ./&';-#;#/! .:! (#! Formación Patrocinio! JG$&-.:/.!
H:2.0-)0K@!/?()!A#!#$)0&#;)!0./&)/!;.!#==):)-;.)/!(#!/.<<-?:!;.!(#!$(#3#!;.!()/!"#4#(()/!
;.! "'<A%#L! ,#! $0./.:<-#! ;.! #==):-&./! .:! ./&#! /.<<-?:! /.! <):)<.! ;./;.! ()/! &0#4#M)/!
0.1-):#(./!;.!N.:1#';!J6O8PK!3!Q#&!J6O7OK@!R'.!<-&#:!(#!$0./.:<-#!;.!>#0-#/!./$.<-./!;.!
.;#;!G$&-.:/.L!E)/&.0-)0=.:&.@!")((-1:):!et al.!J6OSOK!((.>#0):!#!<#4)!':!./&';-)!=C/!
;.&#((#;)! ;.! ./&#/! 2#':#/! .! -;.:&-2-<#0):! ;)/!:->.(./! <):! #==):-&./! .:! .(! <)0&.! ;.! (#!
$(#3#! ;.! ,)/! "#4#(()/! ;.! "'<A%#L! T:! .(! -:2.0-)0! 0.<):)<-.0):! Prodeshayesites 
fissicostatus JEUH,,HEIK@!P. bodei!JVWTXTXK@!P. <2L!lestrangei!"GITY@!Deshayesites 
euglyphus "GITY@!D. forbesi!"GITY@!D. fittoni!"GITY@!D. punfieldensis!IEGZU!3!
D. callidiscus!"GITYL!9.!#<'.0;)!<):!.(!./R'.=#!;.!"#/.3!J6O[6K@!./&)/!#==):-&./!
<#0#<&.0-B#0%#:! (#/! \):#/! Prodeshayesites fissicostatus! 3! Deshayesites forbesiL! T:! .(!
/.1':;)! :->.(@! ()<#(-B#;)! #(1':)/! =.&0)/! $)0! .:<-=#! ;.(! #:&.0-)0@! 0.<):)<-.0):!
Cheloniceras cornuelianum! J9]WQFH^XYK@! Ch. crassum! IEGZU@! Ch. royerianum!








b=40.0#! .:! (#! /.<<-?:! ;.! (#! $(#3#! ;.! ()/! "#4#(()/L! I.! A#:! 0.<)(.<&#;)! .M.=$(#0./!
:'.>)/! $0)<.;.:&./! ;.! ./&)/! ;)/! :->.(./! 3! #;.=C/! /.! A#:! 0.>-/#;)! )&0)/! .M.=$(#0./!
$0)<.;.:&./!&#=4-`:!;.!./&)/!:->.(./@!$.0&.:.<-.:&./!#(!N'/.)!^.)(?1-<)!;.(!I.=-:#0-)!
;.!F#0<.():#!J()/!/-1(#;)/!N^IFK!3!#!':#!<)(.<<-?:!$#0&-<'(#0L!,)/!:'.>)/!.M.=$(#0./!
0.<)(.<&#;)/! /.! .:<'.:&0#:! ;.$)/-&#;)/! .:! (#/! ")(.<<-):./! ;.! E#(.):&)()1%#! ;.! (#!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'()!*+!,-&)./&0#&-10#2%#!3!4-)./&0#&-10#2%#!
5!67*!5!
89-:.0/-;#;&!<'&=9)>#!;.!?#0@.()9#! A()/! .B.>$(#0./! /-1(#;)/!C8<?D!3! .9! .(!E'/.)!
F.)>-9.0)!;.(! GFEH!.9!E#;0-;! A/-1(#;)/! GFEH!3!EFED! A,I>-9#!JDK!C#0#! .(!9-:.(!
-92.0-)0! /.! L#9! 0.@)(.@&#;)! #4'9;#9&./! .B.>$(#0./! ;.! ;./L#3./%&-;)/! A,I>-9#! JDM! @#/-!
&);)/! -;.9&-2-@#;)/! @)>)! Deshayesites @2K forbesi! "<NHO! B'9&)! @)9! #(1'9)/!
20#1>.9&)/!;.!>#@0)@)9@L#/!#&0-4'-;#/!#!Deshayesites @2K!callidiscus!"<NHOK!P'9&)!#!
.(()/! /.! L#! .9@)9&0#;)! &#>4-Q9! .B.>$(#0./! ;.! Pseudohaploceras liptoviensis!
ARH8N"STHUDM!Pseudosaynella undulata! AN<U<NGTD! 3! Toxoceratoides! /$K! H9! ./&.!
$0->.0!9-:.(!()/!@L.()9-@.0I&-;)/!/)9!./@#/)/!3!;-2%@-(>.9&.!-;.9&-2-@#4(./M!#'9V'.!/%!/.!
L#9!$);-;)!-;.9&-2-@#0!;)/!20#1>.9&)/!;.!Roloboceras!@2K!hambrovi!AWXU?HNDK!
C#0#! .(! /.1'9;)! 9-:.(M! ()@#(-Y#;)! Z! >! $)0! .9@->#! ;.(! #9&.0-)0M! /.! L#! $);-;)!
-;.9&-2-@#0! :#0-)/! .B.>$(#0./! ;.! Deshayesites @2K forbesi! "<NHOM! Deshayesites! @2K!
consobrinus! A[\XU?GFTODM! Deshayesites planus! "<NHOM! Deshayesites! fittoni!
"<NHOM! Pseudosaynella bicurvata! AEG"SH,GTDM! Toxoceratoides! /$K! ,)/!
@L.()9-@.0I&-;)/!&#>4-Q9!/)9!./@#/)/M!#'9V'.!/.!L#!$);-;)!-;.9&-2-@#0!&#>4-Q9!$#0#!./&.!
9-:.(! '9! 20#1>.9&)! ;.! Roloboceras hambrovi! AWXU?HND! 3! '9! .B.>$(#0! B':.9-(! ;.!
Roloboceras!/$K!A,I>-9#!JDK!!
,#!0.:-/-=9!;.!()/!#>>)9-&./!$0)@.;.9&./!;.!(#!/.@@-=9!;.!"'@L%#!;.$)/-&#;)/!
.9! (#/! @)(.@@-)9./! ;.(! E'/.)! F.)(=1-@)! ;.(! N.>-9#0-)! ;.! ?#0@.()9#! AEFN?D! L#9!
$.0>-&-;)! 0.@)9)@.0! Deshayesites! @2K! forbesi! "<NHOM! Pseudosaynella undulata 
AN<U<NGTDM! Deshayesites! @2K! callidiscus! "<NHOM! Roloboceras @2K! hambrovi!






;.! "'@L%#! AW-1'0#! *K_D! /)9! @#0#@&.0%/&-@#/! ;.! (#! 4-)Y)9#! Deshayesites weissi! ;.! (#!
Y)9#@-=9! ./&I9;#0! $#0#! .(! I0.#! >.;-&.00I9.#! ;.! U.4)'(.&! et al.! A`aabDM! 0.9)>40#;#M!
0.@-.9&.>.9&.!@)>)!Deshayesites forbesi!$)0!U.4)'(.&!et al.!A`a66DM!V'.!./!.V'-:#(.9&.!
#!(#!R)9#!;.!Deshayesites forbesi!.9!.(!./V'.>#!;.!"#/.3!A6b_6DK!C)0!&#9&)M!;.!#@'.0;)!





(#!$#0&.!<.9-#5#(&#!9.!(#!?):#!9.!Deshayesites forbesi @#:&-1'#<.:&.!D.!weissiA @"#/.3B!
6CD6B!"#/.3!et al.!6CCEB!F)0.:)5G.9<#0!et al.B!HIICAJ!K)0!)&0#!$#0&.B! (#!$0./.:=-#!9.!
;#0-)/! .L.<$(#0./! 9.! Pseudosaynella! /'1-.0.! &#<4-M:! (#! $#0&.! #(&#! 9.! (#! ?):#!
Deshayesites forbesi @#:&-1'#<.:&.!D. weissiA! 3#! >'.B! #':>'.! ./&#/! ./$.=-./! &#<4-M:!
./&N:!$0./.:&./!.:!(#!?):#!Deshayesites deshayesiB!/'!0.1-/&0)!.:!./&#!4-)O):#!/'.(.!/.0!
<'=P)!<N/!./=#/)!@F)0.:)5G.9<#0!et al.B!HIICAJ!
Q/&)/! 0./'(&#9)/!9-2-.0.:!.:!10#:!<.9-9#!9.! ()/!$0./.:&#9)/!$)0!")((-1:):!et al.!
@6CRCAB!>'.!$0)$):.:!>'.!&)9#/!(#/!4-)O):#/!9.(!G.9)'(-.:/.!@S$&-.:/.!T:2.0-)0A!./&N:!
$0./.:&./! .:! ()/! 9)/! P)0-O):&./! 9.! #<<):-&./! 9.!"'=P%#J! Q(! )0-1.:! 9.! ./&#! 9-2.0.:&.!
#&0-4'=-U:!9.!.9#9!$#0#!()/!<-/<)/!P)0-O):&./!/.!4#/#!2':9#<.:&#(<.:&.!.:!9-2.0.:=-#/!
.:! (#! -:&.0$0.&#=-U:! &#V):U<-=#! 9.! ()/! #<<):-&./J! Q:! =):=0.&)B! ()/! .L.<$(#0./!
$0)=.9.:&./! 9.(! :-;.(! -:2.0-)0! 9.! "'=P%#! 3! #&0-4'-9)/! $)0! ")((-1:):! et al.! @6CRCA! #(!
1M:.0)!ProdeshayesitesB!=#0#=&.0%/&-=)!9.!(#!?):#!9.!P. fissicostatus!9.(!9)<-:-)!4)0.#(B!
=)00./$):9.0%#:!9.!#='.09)!=):!:'./&0)!./&'9-)!#!-:9-;-9')/!L';.:-(./!9.!Deshayesites!
=2J! forbesiB! (#! ='#(! ./! ':#! ./$.=-.! &%$-=#! 9.! (#! ?):#! 9.!D. forbesi @#:&-1'#<.:&.!D. 
weissiA! 9.(! 9)<-:-)! &.&-/-#:)! @()/! 0.$0./.:&#:&./! 9.(! 1M:.0)!Prodeshayesites!<'./&0#:!
/.==-):./! 1.:.0#(<.:&.!<N/! =)<$0-<-9#/! 3! ':#! =)/&'(#=-U:!<N/! 0%1-9#! 3! $0)<-:.:&.!
>'.! ()/! 9./P#3./%&-9)/! $0./.:&./! .:! "'=P%#W! F)0.:)5G.9<#0B! =)<J! $.0JAJ! X.! -1'#(!
<#:.0#B!()/!.L.<$(#0./!>'.!")((-1:):!et al.!@6CRCA!-9.:&-2-=#0):!=)<)!$.0&.:.=-.:&./!#!
()/! 1M:.0)/!Cheloniceras 3!VectisitesB! >'.! -:9-=#0%#:! (#/! ?):#/! 9.!D. deshayesi! 3!T. 
bowerbanki, =)00./$):9.0%#:B! 9.! #='.09)! =):! :'./&0#! -:&.0$0.&#=-U:B! =):! -:9-;-9')/!
L';.:-(./! )! <-=0)=):=P#/! 9.! Roloboceras! (F)0.:)5G.9<#0B! =)<J! $.0JAB ':! 1M:.0)!
&#<4-M:!=#0#=&.0%/&-=)!9.!(#!?):#!9.!D. forbesi @#:&-1'#<.:&.!D. weissiA!L':&)/!=):!()/!
9./P#3./%&-9)/!.:=):&0#9)/!$#0#!./&.!:-;.(J!Q/&#!:'.;#!#&0-4'=-U:!9.!.9#9!$#0#! (#!Y<J!
K#&0)=-:-)! #$#0.=.! =):2-0<#9#! #9.<N/! $)0! (#/! #/)=-#=-):./! 9.! 2)0#<-:%2.0)/!









furcata! 89#0:%#5;)<=>?#0! et al@A! BCCDEA! 3! F'.! <)! G#! /-=)! 0.:)<):-=#! )! #=)$&#=#! $)0!




$)<-.<=)! =.! N#<-2-./&)! (#! /-N-(-&'=! =.! #(1'<#/! 2)0N#/! F'.! $.0&.<.:.<! #! (#! 2#N-(-#!
V./G#3./-&-=#.A! ()! F'.! ((.H#! #! N':G)/! #'&)0./! #! =.&.0N-<#0! :)<! .(! N-/N)! <)N40.!
&#R)<IN-:)! =-2.0.<&./! ./$.:-./@! S/&#! =-2-:'(&#=! .<! (#! =-2.0.<:-#:-I<! &#R)<IN-:#! ./&O!





)&0)/!#'&)0./!F'.! ()/!:)</-=.0#<!=.!N#0:#=)!:#0O:&.0![.&-/-#<)! 8.?@!9#)<#5\#0H#.W!et 
al@A!BC6*]!;)0.<)5T.=N#0!et al@A!BC6UE@!
Q)0!)&0#!$#0&.A!.<!:'#<&)!#!(#!Formación Barcenaciones!8X(4-.</.!^'$.0-)0EA!.<!












Lámina 4.-! A+ Deshayesites! 92:! forbesi! ;-/&#! (#&.0#(! 3! ;.<&0#(! =.(! .>.?$(#0! @ABC! 6D8*E5*:! B+!
Deshayesites!92:!forbesi!;-/&#!(#&.0#(!=.(!.>.?$(#0!@ABC!6D8E5F:!C+!Deshayesites!92:!forbesi!;-/&#!(#&.0#(!




"'9M%#:!G+!Deshayesites planus! ;-/&#! (#&.0#(! =.(! .>.?$(#0! GHIC! LD77NK! <-;.(! /'$.0-)0! =.! "'9M%#:!H+!
Deshayesites planus! ;-/&#! (#&.0#(! =.(! .>.?$(#0!GHIC!LD777K! <-;.(! /'$.0-)0!=.!"'9M%#:! I+!Deshayesites 
planus!;-/&#!(#&.0#(!3!;.<&0#(!=.(!.>.?$(#0!GHIC!LD778K!<-;.(!/'$.0-)0!=.!"'9M%#:!J+!Deshayesites planus!
;-/&#! (#&.0#(!=.(!.>.?$(#0!GHIC!LD77OK!<-;.(!/'$.0-)0!=.!"'9M%#:!K+!Deshayesites fittoni!;-/&#! (#&.0#(!3!
;.<&0#(!=.(!.>.?$(#0!GHIC!LD7LFK!<-;.(!/'$.0-)0!=.!"'9M%#:!L+!Deshayesites 92:  consobrinus!;-/&#!(#&.0#(!




Pseudosaynella undulata! ;-/&#! (#&.0#(! =.(! .>.?$(#0!@ABC! 6D8*E57:!R+!Pseudohaploceras liptoviensis!
;-/&#! (#&.0#(! =.(! .>.?$(#0! GHIC! LD7*NK! <-;.(! -<2.0-)0! =.! "'9M%#:!S+!Roloboceras! /$:! ;-/&#! ;.<&0#(! =.(!
.>.?$(#0!GHIC!LD7NFK!<-;.(!-<2.0-)0!=.!"'9M%#:!T+!Roloboceras!/$:!?-90)9)<9M#K!;-/&#!(#&.0#(!3!;.<&0#(!
=.(!.>.?$(#0!GHIC!LD77FK!<-;.(!-<2.0-)0!=.!"'9M%#:!U+!Roloboceras!/$:!;-/&#!;.<&0#(!=.(!.>.?$(#0!GHIC!
LD7*FK! <-;.(! -<2.0-)0! =.! "'9M%#:!V+!Roloboceras /$:! ?#90)9)<9M#! ;-/&#! ;.<&0#(! 3! (#&.0#(! =.(! .>.?$(#0!
@ABC! 8D8EL:! W+! Roloboceras! /$:! ?-90)9)<9M#! ;-/&#! ;.<&0#(! =.(! .>.?$(#0! @A@! 6EDE8":! X+!



















3.2.2.2. FORAMINÍFEROS PLANCTÓNICOS 
!
9.! :#! ./&';-#;)! (#! #/)<-#<-=>! ;.! 2)0#?->%2.0)/! $(#><&=>-<)/! ;.(! @$&-.>/.!
A>2.0-)0!$0./.>&./!.>!(#!B)0?#<-=>!C#&0)<->-)D!C#0#!./&.!./&';-)!/.!0.<)(.<&#0)>!?'./&0#/!
;.!(#!B)0?#<-=>!C#&0)<->-)!&#>&)!.>!(#!/.<<-=>!;.!"'<:%#!E$(#3#!;.!()/!"#4#(()/F!<)?)!
.>! (#! /.<<-=>! ;.! 0%)! G#>/#H! #'>I'.! /)()! ;.! (#! /.<<-=>! ;.! "'<:%#! /.! )4&'J-.0)>!
.K.?$(#0./!<)>!/'2-<-.>&.!<#(-;#;!$#0#!$);.0!/.0!<(#/-2-<#;)/D!!
L>!(#!/.<<-=>!;.!"'<:%#!/.!:#>!./&';-#;)!MN!?'./&0#/!()<#(-O#;#/!#!()!(#01)!;.!(#!
'>-;#;! #! ->&.0J#()/! ./&0#&-10P2-<)/! ;.! #$0)Q-?#;#?.>&.! R! ?.&0)/! E?'./&0#/! C,"56! #!
C,"5MNH! B-1'0#! *DSFD! T.! U/&#/H! /)()! (#/! ?'./&0#/! 4#/#(./! EC,"56! #! C,"5*F! >)! :#>!
$0./.>&#;)!2)0#?->%2.0)/!$(#><&=>-<)/D!L(!0./&)!;.!(#/!?'./&0#/!#00)K#>!'>#!#/)<-#<-=>!
;.!2)0#?->%2.0)/!$(#><&=>-<)/!<#0#<&.0-O#;)/!$)0!2)0?#/!<)>!$#0.;!?-<0)$.02)0#;#H!<)>!
<'#&0)! #! <-><)! <P?#0#/! 0.;)>;.#;#/D! 9.! :#>! 0.<)>)<-;)! $0-><-$#(?.>&.! 2)0?#/!
$.0&.>.<-.>&./! #! ()/! 1U>.0)/!Praehedbergella 3 BlowiellaH! I'.! -><('3.>! (#/! ./$.<-./!
E,P?->#! 7F+ Praehedbergella sigali EVWX,,@TLFH! Praehedbergella aptiana 
EY@Z[LG9[LAGF! /D/DH! Praehedbergella infracretacea E\,@L99GLZFH!
Praehedbergella occulta E,WG\WZA@FH! Praehedbergella convexa E,WG\WZA@FH!
Praehedbergella praetrocoidea E]ZL"^V@Z! 3! \WZY@"^A]FH! Praehedbergella 
gorbachikae E,WG\WZA@FH! Praehedbergella tuschepsensis E@G[WGW_@FH!
Praehedbergella laculata Y@GGLZH! "WCL9[@]L! 3! `^A[LH! Blowiella blowi 
EYW,,AFH! Blowiella duboisi E"^L_@,ALZFH! Blowiella maridalensis! EYW,,AFD! L>! (#!
?'./&0#!C",56M!/.!:#!;.&.<&#;)!(#!$0-?.0#!#$#0-<-=>!;.!B. duboisi!E"^L_@,ALZF!3!P. 
gorbachikae! E,WG\WZA@FD! L/&)/! 4-).J.>&)/! )<'00.>! .>! (#! $#0&.! #(&#! ;.! (#! a)>#!
Blowiella blowiH! #>&./! ;.! (#! $0-?.0#! #$#0-<-=>! ;.! Schackoina cabri! E@1'#;)! et al.H!
6bbbc!\.#!et al.H!RNN*FD!C)0!&#>&)H!./&#!#/)<-#<-=>!$.0?-&.!;#&#0!(#!B?D!C#&0)<->-)!<)?)!
$#0&.! #(&#!;.! (#!a)>#!Blowiella blowi ;.! 2)0#?->%2.0)/!$(#><&=>-<)/! EV)'((#;.H! 6bdMc!
V)'((#;.!et al.!RNNRFD!L/&#!4-)O)>#!/.!<)00.(#<-)>#!<)>!(#!?-&#;!/'$.0-)0!;.!(#!a)>#!H. 







Lámina 5.-!1,2+!Praehedbergella praetrocoidea9!3,4+!Praehedbergella oculta9!5+!Praehedbergella convexa9!
6-11+!Praehedbergella sigali9!12,13+!Praehedbergella tuschepsensis9!14-19+!Praehedbergella infracretacea9!




:(! (-/&#C)! C.! &#>)D./! C.! 2)0#E-D%2.0)/! $(#D;&FD-;)/! -C.D&-2-;#C)/! $#0#! (#/!
E'./&0#/!./&'C-#C#/!C.!(#!<)0E#;-FD!G#&0);-D-)!./!.(!/-1'-.D&.+!
x Blowiella blowi HI)((-@!6878J!
x Blowiella duboisi H"K.L#(-.0@!68A6J!
x Blowiella maridalensis HI)((-@!6878J!
x Praehedbergella aptiana HI#0&.D/&.-D@!68A7J!s.s9!
x Praehedbergella convexa H,)D1)0-#@!68MBJ!
x Praehedbergella gorbachikae H,)D1)0-#@!68MBJ!
x Praehedbergella infracretacea HN(#.//D.0@!68*AJ!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'()!*+!,-&)./&0#&-10#2%#!3!4-)./&0#&-10#2%#!
5!678!5!
x Praehedbergella laculata 9#::.0;!<")$./&#=.!3!>?-&.;!6@@*A!
x Praehedbergella occulta <,):1)0-#;!6@BCA!
x Praehedbergella praetrocoidea <D0.E?F#0!3!G)04#E?-=;!6@H7A!
x Praehedbergella sigali <I)'((#J.;!6@77A!
x Praehedbergella tuschepsensis <K:&):)L#;!6@7CA!
x Schackoina cabri M-1#(;!6@NO
!
!





X:! (#/!F'./&0#/!./&'J-#J#/!J.!./&#/! /.EE-):./! ()/!:#:)2P/-(./! E#(EQ0.)/!:)! /):!
F'3!#4':J#:&./;!$0./.:&#:!':!10#J)!J.!$0./.0L#E-P:!F)J.0#J)!3!':#!./E#/#!J-L.0/-J#JW!
,#/! #/)E-#E-):./! -J.:&-2-E#J#/! /):! J.! E#0QE&.0! F#0E#J#F.:&.! &.&-/-#:);! 3! ./&Q:!
J)F-:#J#/! $)0! ()/! 1Y:.0)/!Watznaueria;!Rhagodiscus! 3!Nannoconus;! Z':&)! E):! )&0#/!
./$.E-./!E)F)!Assipetra terebrodentaria;!Hayesites irregularis;!Zeugrhabdotus noeliae;!
Lithraphidites carniolensis;! Biscutum ellipticum;! Discorhabdus ignotus;!
Diazomatolithus lehmanii! 3!Micrantholithus obtususW![&0#/! 2)0F#/!$0./.:&./;! &#F4-Y:!
E#0#E&.0%/&-E#/! #':\'.! F.:)/! #4':J#:&./;! /):! Cyclagelosphaera margerelii;!
Braarudosphaera africana;! Flabellites oblongus;! Assipetra infracretacea! 3! Helenea 
chiastia.! ,#/! 2)0F#/! FQ/! E#0#E&.0%/&-E#/! -J.:&-2-E#J#/! $#0#! (#! R)0F#E-P:! S#&0)E-:-)!
#$#0.E.:! 0.$0./.:&#J#/!.:! (#/!R-1'0#/!*W7!3!*WB;!E):! 0.$0./.:&#E-P:!J.!/'!J-/&0-4'E-P:!
./&0#&-10Q2-E#!#! ()! (#01)!J.! (#!':-J#JW!")F)!/.!0.2(.Z#!.:! (#/!R-1'0#/!*W7!3!*WB!3!.:! (#!
,QF-:#!7;!(#!F#3)0!$#0&.!J.!(#/!F'./&0#/!./&'J-#J#/!E):&-.:.:!(#!#/)E-#E-P:!Hayesites 
irregularis;!Nannoconus truittii;!Braarudosphaera africana!3!Conusphaera rothii;!\'.!











0.I.(#?)! '<#! #'/.<:-#! 1.<.0#(-G#?#! ?.! <#<):;<-?)/! ?.! :#<#(! ./&0.:M)! B:)>)!
Nannoconus steinmanniiEF!()!N'.!$.0>-&.!-?.<&-2-:#0!./&.!.I.<&)!:)>)!(#!O:0-/-/!?.!()/!
<#<):;<-?)/PF! N'.! M#! /-?)! -?.<&-2-:#?#! .<! )&0#/! :'.<:#/! ?.(! Q.&-/! $#0#! .(! >-/>)!














:%<)(./! $#0#(.()/FA! 75G+! Assipetra infracretacea! E./$.<-@.:! 10#:>.FA! H+! Manivitella pemmatoideaA! 6I+!
Helenea chiastiaA!66+!Braarudosphaera africanaA68+!Micrantholithus obtususA!6*+!Micrantholithus stellatusA!
6J+! Nannoconus kamptneriA! 6D+! Nannoconus steinmanniiA! 67+! Nannoconus bucheriA! 6K+! Nannoconus 
circularisA! 6GC6H+!Eprolithus floralisA! 8IC86+!Rhagodicus gallagheriA! 88+!Micrantholithus hoschulziiA! 8*C
8J+! Braarudosphaera africanaA! 8D+! Assipetra infracretaceaA! 87+! Rhagodiscus asperA! 8K+! Watznaueria 












H)=#!R. angustus!?#.!A.=&0)!A.!(#!$#0&.!#(&#!A.!H)=#!Dufrenoyia furcata A.!#@@)=-&./G!
?'3#!.A#A!?)00./$)=A.!?)=!(#!$#0&.!@>/!#(&#!A.(!K$&-.=/.!N=2.0-)08!;/&)!-@$(-?#!O'.!.=!(#!
/.??-C=!A.! 0%)!E#=/#5P>4#1)!.Q-/&.!'=#! (#1'=#!./&0#&-10>2-?#!O'.!?)@$0.=A.0%#! (#!$#0&.!
#(&#!A.!(#!H)=#!A.!Hayesites irregularis!A.!=#=)2C/-(./G!./!A.?-0G!O'.!#2.?&#!#(!@.=)/!#!(#!
$#0&.! #(&#! A.(! K$&-.=/.! N=2.0-)0! 3! O'-R>/! (#! 4#/.! A.(! K$&-.=/.! I'$.0-)0! LE#S#00)! et al.G!
FT66#:8!;/&#!(#1'=#!$)A0%#!?)00./$)=A.0!?)=!(#!A'0#?-C=!A.!(#!$#0&.!@>/!#(&#!A.!(#!H)=#!
D. forbesiG!?)=!.(!&)&#(!A.!(#!H)=#!Deshayesites deshayesi!3!?)=!(#!$#0&.!4#S#!A.!(#!H)=#!
D. furcata! A.!#@@)=-&./8!D)0! &#=&)G! .=! (#! /.??-C=!A.! 0%)!E#=/#G! (#!$#0&.!@>/!#(&#!A.! (#!
B)0@#?-C=! D#&0)?-=-)! ?)00./$)=A.0%#! .=! .A#A! ?)=! (#! 4#/.! A.! (#! B)0@#?-C=! P)A.R#/!
LB-1'0#!*8U:G!.Q-/&-.=A)!#O'%!'=#!(#1'=#!.=&0.!()/!J(&-@)/!9!@.&0)/!3!.(!0./&)!A.!(#!'=-A#A8!!
;(! (-/&#A)!A.! &#Q)=./!A.!=#=)2C/-(./! ?#(?#0.)'/! -A.=&-2-?#A)/!$#0#! (#/!@'./&0#/!
./&'A-#A#/!A.!(#!B)0@#?-C=!D#&0)?-=-)!./!.(!/-1'-.=&.+!
x Assipetra infracretacea LVW-.0/&.-=G!6M9*:!P)&WG!6M9*!
x Assipetra terebrodentaria LK$$(.1#&.! et al.! -=! ")<-=1&)=! 3! X-/.G! 6MY9:!
P'&(.A1.!3!Z.01.=G!6MM[!
x Biscutum ellipticum L\)0]#G!6MU9:!\0^=!-=!\0^=!3!K((.@#==G!6M9U!
x Braarudosphaera africana I&0#A=.0G!6M76!
x Conusphaera rothii LVW-.0/&.-=G!6M96:!_#]'4)`/]-G!6MY7!
x Cyclagelosphaera margerelii E)a(G!6M7U!
x Diazomatolithus lehmanii E)a(G!6M7U!
x Discorhabdus ignotus L\)0]#G!6MU9:!D.0?W5E-.(/.=G!6M7Y!
x Eprolithus floralis (Stradner, 1962) I&)<.0!6M77!
x Flabellites oblongus LZ']03G!6M7M:!"0'QG!6MYF!
x Hayesites irregularis LVW-.0/&.-=! -=! P)&W! 3! VW-.0/&.-=G! 6M9F:! ")<-=1&)=! 3!
X-/.G!6MY9!
x Helenea chiastia X)0/(.3G!6M96!
x Lithraphidites carniolensis b.2(#=A0.G!6M7*!
x Manivitella pemmatoidea Lb.2(#=A0.!.Q!c#=-<-&G!6M76:!VW-.0/&.-=G!6M96 
x Micrantholithus hoschulzii LP.-=W#0A&G!6M77:!VW-.0/&.-=G!6M96 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'()!*+!,-&)./&0#&-10#2%#!3!4-)./&0#&-10#2%#!
5!678!5!
x Micrantholithus obtusus 9&0#:;.0<!6=7*!
x Micrantholithus stellatus >1'#:)<!6==?!
x Nannoconus bucheri @0A;;-B#;;<!6=CC!
x Nannoconus circularis DE0./!3!>FGE0-&.1'3<!6=HI  
x Nannoconus kamptneri kamptneri @0A;;-B#;;< 6=CC!
x Nannoconus steinmannii J#B$&;.0<!6=*6!//$K!steinmannii 
x Nannoconus truittii @0A;;-B#;;<!6=CC!
x Prediscosphaera columnata L9&)M.0<!6=77N!O#;-M-&<!6=?6!
x Rhagodiscus angustus L9&0#:;.0<!6=7*N!P.-;G#0:&<!6=?6!
x Rhagodiscus asper L9&0#:;.0<!6=7*N!P.-;G#0:&<!6=7?!
x Rhagodiscus gallagheri P'&(.:1.!3!@)Q;<!6==7  
x Watznaueria barnesae L@(#FR!-;!@(#FR!3!@#0;./<!6=C=N!S.0FG5T-.(/.;<!6=7H  
x Watznaueria britannica L9&0#:;.0<!6=7*N!P.-;G#0:&<!6=78!!
x Zeugrhabdotus noeliae P)):<!U#3!3!@#0;#0:<!6=?6
!
!
3.2.2.4. FORAMINÍFEROS BENTÓNICOS 
!
V(! ./&':-)! :.! B-F0)2#F-./! .;! (WB-;#! :.(1#:#! G#! $.0B-&-:)! -:.;&-2-F#0! M#0-#/!
#/)F-#F-);./! :.! 2)0#B-;%2.0)/! 4.;&X;-F)/! .;F);&0#:)/! .;! (#/! /.FF-);./! ./&':-#:#/!
LY-1'0#/!*KH!#!*KZZNK!"'#;:)!G#! /-:)!$)/-4(.<! (#! -:.;&-2-F#F-X;! /.!G#! 0.#(-[#:)!#!;-M.(!
./$.F%2-F)\!.;!)&0)/!F#/)/!/)()!/.!G#!$):-:)! ((.1#0!#!:.&.0B-;#F-);./!#!;-M.(!1.;E0-F)!
:.4-:)! #! (#! 2#(&#! :.! /.FF-);./! -:X;.#/! .;! (#/! (WB-;#/! :.(1#:#/! ./&':-#:#/! 3])! #! (#!
.^-/&.;F-#! :.! M#0-#/! ./$.F-./! F'3#! /.$#0#F-X;! G'4-.0#! 0._'.0-:)! ./&':-)/! B#/!
./$.F-#(-[#:)/<! 2'.0#! :.(! )4`.&-M)! :.! ./&#! &./-/K! ,#! $0.F-/-X;! 4-)./&0#&-10W2-F#! _'.!
)20.F.;!(#/!#/)F-#F-);./!:.!2)0#B-;%2.0)/!4.;&X;-F)/!./!.;!1.;.0#(!-;2.0-)0!#!(#!)4&.;-:#!
F);! ()/! $(#;F&X;-F)/<! ;)! )4/&#;&.<! /.! G#;! $):-:)! F#0#F&.0-[#0! F);! 2)0#B-;%2.0)/!
4.;&X;-F)/!M#0-#/!:.!(#/!';-:#:./!(-&)./&0#&-10W2-F#/!:.(!>$&-.;/.5>(4-.;/.!:.2-;-:#/!.;!
(#/!:-2.0.;&./!W0.#/K!





9:! .(! ;0.#! <. La Florida! /.! =#:! -<.:&-2->#<)?! #! $#0&-0! <.! ./&'<-)/! <.! (;@-:#/!
<.(1#<#/!$0)>.<.:&./!<.!(#/!/.>>-):./!<.!0%)!A#:/#?!B;4#1)?!9(!C)$(#)!3!D'/&0-1'#<)!
EF.0! ()>#(-G#>-H:!<.! (#/! /.>>-):./!.:&0.! /%! .:! (#!I-1'0#!*J*!3!<.&#((./!<.! (#/! /.>>-):./!
./&0#&-10;2->#/!>):!$)/->-H:!<.! (#/!@'./&0#/!<.! (;@-:#!<.(1#<#!.:! (#/! 2-1'0#/!*JK?!*JL?!
*J6M!3!*J6*N?!(#/!/-1'-.:&./!#/)>-#>-):./!<.!2)0#@-:%2.0)/!4.:&H:->)/!$)0!':-<#<./+!
x Formación Rábago+!O#0#!./&#!':-<#<!/.!=#! -<.:&-2->#<)!(#!#/)>-#>-H:!2)0@#<#!$)0!
Palorbitolina lenticularis! ED,PQ9ADR"SN! 3! Choffatella decipiens!
C"S,PQD9BT9B! E,;@-:#! UR!3! UD! 0./$.>&-F#@.:&.N?! V':&)! >):!Sabaudia! /$J!9/&#!
#/)>-#>-H:! $.0@-&.! #/-1:#0! #! (#! ':-<#<! ':#! .<#<! D.<)'(-.:/.?! >)00./$):<-.:&.! #! (#!
4-)G):#!<.(!R$&-.:/.!W:2.0-)0!P. lenticularis!EI-1'0#!*J8NJ!
x Formación Reocín+! X.4-<)! #! ()/! $0)>./)/! <.! <)()@-&-G#>-H:! Y'.! #2.>&#:! #! ./&#!
':-<#<! 3! Y'.! =#:! <./&0'-<)! $#0>-#(@.:&.! (#/! &.Z&'0#/! )0-1-:#(./! <.! (#/! >#(-G#/!
$0.>'0/)0#/?!/)()!/.!=#:!$)<-<)!./&'<-#0!(#/!#/)>-#>-):./!<.!2)0#@-:%2.0)/!$0./.:&./!.:!
@'./&0#/!<.!(#/!$#0&./!4#/#(!3!#(&#!<.!(#!I@!B.)>%:?!3#!Y'.!(#!$#0&.!@.<-#!<.!(#!':-<#<!








9! <.! (#! /.>>-H:! <.! B;4#1)! EI-1'0#! *J*N?! (#! 4#/.! <.! (#/! >#(-G#/! E/-:! <)()@-&-G#0N! Y'.!
2)0@#:! #Y'%! (#! 4#/.! <.! (#! 2)0@#>-H:! B.)>%:?! $0./.:&#! Iraquia simplex! S9AC\A!
E,;@-:#!K!9N?!()!Y'.!-:<->#!':#!.<#<!<.!R$&-.:/.!W:2.0-)0!$#0&.!#(&#!#!4#/.!<.(!R$&-.:/.!
C'$.0-)0!Ea):#!<.!Iraquia simplex?!I-1'0#!*J8N!$#0#!(#!4#/.!<.!(#!':-<#<!.:!./&#!/.>>-H:J!
9/&#! 4-)G):#! >)00./$):<.! >):! .(! &.>=)! <.(! D.<)'(-.:/.54#/.! <.(! T#01#/-.:/.?!







8.(! .9&)09)! 8.! :(! ;)$(#)<! :/&)! $)80%#! -98-=#0>! #$)3#8)! &#?4-@9! .9! ()/! 8#&)/! 8.!
9#9)2A/-(./! =#(=B0.)/>! C'.! (#! (#1'9#! ./&0#&-10B2-=#! .D-/&.9&.! #C'%! 8.9&0)! 8.! (#! E?<!
F#&0)=-9-)!#4#0=#!'9!(#$/)!8.!&-.?$)!?'=G)!?#3)0!.9!.(!/.=&)0!)==-8.9&#(!H/.==-)9./!8.!








Sabaudia capitata WJIWXY5ZWII:WX!3!Sabaudia minuta! H[ME\:JK! H9-N.(./! 8.!
Sabaudia>! ,B?-9#! ]"K>! Q'9&)! =)9! Pseudochoffattela cuvillieri Y:,MEEJ:! H,B?-9#!
SLK>!Nautiloculina! /$<!3 Cuneolina! /$<![#=-#! (#!$#0&.!#(&#!8.! (#!E?<!J.)=%9>! &)8#/! (#/!
/.==-)9./! 8.! ./&#! B0.#! ?'./&0#9! (#! #/)=-#=-A9! 2)0?#8#! $)0! Coskinolinella daguini!
Y:,PW;!3!Y:,MEEJ:!H,B?-9#!]Y!3!]:K>!Pseudochoffattela cuvillieri Y:,MEEJ:!
H,B?-9#! SLK>! Mesorbitolina texana! HJM:P:JK>! Sabaudia minuta! H[ME\:JK>!
Sabaudia sp<>!Simplorbitolina manasi!"^J_!3!JW`!H,B?-9#!S!"5YK>!Orbitolinopsis!/$<>!
Charentia!cuvillieri!I:XPWII!H,B?-9#!SEK!3!Cuneolina /$.!:/&#! #/)=-#=-A9! -98-=#!
'9#! .8#8! =)00./$)98-.9&.! #(! -9&.0N#()! W$&-.9/.! #(&)! HO#01#/-.9/.! 9)! 4#/#(K5W(4-.9/.!
4#/#(< 
x Formación Barcenaciones+! ;.! G#! .9=)9&0#8)! '9#! #/)=-#=-A9! 8.! 2)0#?-9%2.0)/!
=#0#=&.0-V#8#! $)0! (#! $0./.9=-#! 8.! Hensonina lenticularis! [:I;MI! H,B?-9#! ]EK! 3!
Cuneolina pavonia!YaMJL^OI_>!C'.!=#0#=&.0-V#!.(!W(4-.9/.<!
!












:'./&0#!FNO56! I/.==-<;!A.!E(!F)$(#)H@!9)0:#=-<;!D?4#1)@!B$&-.;/.! P;2.0-)0G!BH!Choffatella decipiens!
F"M,KLJEDQED@! :'./&0#! OC5R! I/.==-<;! A.! 0%)! C#;/#HG! 9)0:#=-<;! D?4#1)@! B$&-.;/.! P;2.0-)0G!CH!
Sabaudia capitata!BDCBKS5TBCCEBK!I#00-4#H!3!Sabaudia minuta! IMN9UEDH! I#4#V)HG!O#0&.!:.A-#!
A.!(#!9)0:#=-<;!D.)=%;@!:'./&0#!OC56*!I/.==-<;!A.!0%)!C#;/#HG!DH!Coskinolinella daguini!SE,LBF!3!
SE,N99DEG! O#0&.! #(&#! A.! (#! 9)0:#=-<;! D.)=%;G! B$&-.;/.! F'$.0-)05B(4-.;/.! 4#/#(G!EH!Coskinolinella 
daguini! SE,LBF! 3! SE,N99DEG! O#0&.! #(&#! A.! (#! 9)0:#=-<;! D.)=%;@! :'./&0#! ,B5RW! I/.==-<;! A.!










FloridaB! /.==-);./! @.!C?4#1)!3!D(!E)$(#)F!AG!Pseudochoffattela cuvillieri!HD,I99CDB!:'./&0# ,A566!
J/.==-<;!@.!C?4#1)5,#/!A;&.;#/GB!9)0:#=-<;!C.)=%;B!A$&-.;/.!E'$.0-)0F!BG!Pseudochoffattela cuvillieri!
HD,I99CDB!:'./&0# ,A5KL!J/.==-<;!@.!C?4#1)5,#/!A;&.;#/GB!9)0:#=-<;!C.)=%;B!A$&-.;/.!E'$.0-)0F!CG!
Simplorbitolina manasi "MCN!3!CAOB!A$&-.;/.!&.0:-;#(5A(4-.;/.!4#/#(B 9)0:#=-<;!C.)=%;B!:'./&0#!"E56!
J/.==-<;!@.!C?4#1)5=#00.&.0#!@.!D(!E)$(#)GF!DG!Simplorbitolina manasi "MCN!3!CAOB!A$&-.;/.!&.0:-;#(5
A(4-.;/.!4#/#(B 9)0:#=-<;!C.)=%;B!:'./&0#!,M5KP!J/.==-<;!@.!D(!E)$(#)GF!EG! Iraquia simplex!QDREIRF!





x Formación Rábago 3 Formación Umbrera+!,#/!9'./&0#/!#:#(-;#<#/!<.!./&#/!<)/!
':-<#<./!$#0#!./&.!/.=&)0!$0./.:&#:!#4':<#:&./!/.==-):./!<.!Palorbitolina lenticularis!
>?,@ABC?D"EFG! =)00./$):<-.:&.! #! (#! H):#! P. lenticularis! <.(! D$&-.:/.! I:2.0-)0!
>J-1'0#!*KLFK!
x Formación San Esteban: B(!./&'<-)!<.!(M9-:#/!<.(1#<#/!<.!./&#!':-<#<!$0)=.<.:&./!
<.! (#! /.==-N:! <.! O'-()4'=#! >J-1'0#! *K6LF! $0./.:&#:! ':#! #/)=-#=-N:! =)9$'./&#! $)0!




x Formación Rodezas: ,#!#/)=-#=-N:!<.!2)0#9-:-2.0)/!4.:&N:-=)/!$#0#!./&#!':-<#<!/.!
U#! ./&'<-#<)! #! $#0&-0! <.! (M9-:#/! <.(1#<#/! $0)=.<.:&./! <.! (#! /.==-N:! <.! O'-()4'=#!
>J-1'0#!*K6LFK!B:!.((#/!/.!U#!0.=):)=-<)!Mesorbitolina parva!!VQ@R,DPPG!W':&)!=):!
Mesorbitolina texana!>OQBABOF!.:!(#!$#0&.!/'$.0-)0!>,M9-:#!8!V5BFK!B/&#!#/)=-#=-N:!
-:<-=#! ':! -:&.0T#()! <.! .<#<! <./<.!D$&-.:/.! P'$.0-)0! >R#01#/-.:/.F! U#/&#! .(! D(4-.:/.!
A.<-)G!/-.:<)!(#!.<#<!9M/!$0)4#4(.!R#01#/-.:/.K!
x Formación Reocín+! D! $#0&-0! <.(! ./&'<-)! <.! (M9-:#/! <.(1#<#/! <.! ./&#! ':-<#<G!
$0)=.<.:&./! <.! (#/! /.==-):./! <.! P#:&#! B'(#(-#G! C)T#(./! 3! =#:&.0#! <.! ,#/! ,#/&0%#/!
>J-1'0#/! *K67G! *K6X! 3! *K6YFG! /.! U#! 0.=):)=-<)! ':#! #/)=-#=-N:! <.! 2)0#9-:%2.0)/!
4.:&N:-=)/! S'.! $0./.:&#G! .:! (#! $#0&.! 4#W#! <.! (#! ':-<#<G! Mesorbitolina parva!!
VQ@R,DPP!3 Mesorbitolina texana!>OQBABOF!>,M9-:#!8JG!,M9-:#!6ZDFK!E#=-#!(#!
$#0&.!9.<-#!<.!(#!':-<#<G!W':&)!=):![/&#!\(&-9#!$0./.:&#!#<.9M/!#4':<#:&./!.W.9$(#0./!
<.! Sabaudia minuta! >EQJ]BOF! >,M9-:#! 6Z?FG! 3! U#=-#! (#! $#0&.! #(&#! <.! (#! ':-<#<!
$0./.:&#!Sabaudia minuta!>EQJ]BOFG!Coskinolinella daguini!VB,ADP!3!VB,QJJOB!
>,M9-:#! 6Z"FG!Cuneolina /$.G!Simplorbitolina manasi! "IO^! 3!OD_! 3!Mesorbitolina 
birmanica! >PDECIF! >,M9-:#!6ZVFK!B/&#!\(&-9#!./$.=-.! /.! 0.=):)=.! #S'%!$)0!$0-9.0#!
T.;!.:! (#!='.:=#!3!#$#0.=.!#9$(-#9.:&.!<./=0-&#!.:!P=U(#1-:&`.-&!3!a-(9/.:! >bZ6cFK!
M. birmanica #$#0.=.! <./=0-&#! $)0! O#9%0.;! <.(! d);)! >68X6F! =)9)! Orbitolina!









Lámina 995! :)0#;-<%2.0)/! 4.<&=<->)/! >)<! ?#()0! 4-)./&0#&-10@2->)! A.(! B$&-.</.! A.(! @0.#! A.(! sinclinal de!
SantillanaC!/.>>-)<./!A.!D'-()4'>#!3!E#<&#!F'(#(-#9!AG!Choffatella decipiens!E"H,IJKFDLFDC!;'./&0#!
DI5MC! /.>>-=<! D'-()4'>#C! :)0;#>-=<! E#<! F/&.4#<C! B$&-.</.! N<2.0-)09! BG! Iraquia simplex! HFOEPOC!
;'./&0#! DI5MC! /.>>-=<! D'-()4'>#C! :)0;#>-=<! E#<! F/&.4#<C! B$&-.</.! N<2.0-)09! CG! Iraquia simplex!
HFOEPOC! /.>>-=<! Q)0-R)<&#(C! ;'./&0#! DI5MC! /.>>-=<! D'-()4'>#C! :)0;#>-=<! E#<! F/&.4#<C! B$&-.</.!













SantillanaB! /.==-);./! @.! C#;&#! D'(#(-#B! E)>#(./! 3! =#;&.0#! @.! ,#/! ,#/&0%#/8! AF! Mesorbitolina texana!
GHIDJDHFB!:'./&0#!CD57KB /.==-<;!C#;&#!D'(#(-#!LB!9)0:#=-<;!H.)=%;B!A$&-.;/.!C'$.0-)08 BF!Sabaudia 
minuta! GMI9NDHFB! :'./&0#! EI5OB! /.==-<;! @.! E)>#(./B! $#0&.! :.@-#! @.! (#! 9)0:#=-<;! H.)=%;8! CF!
Coskinolinella daguini! PD,JAC! 3! PD,I99HDB! :'./&0#! EI5LQB! /.==-<;! @.! E)>#(./B! $#0&.! #(&#! @.! (#!
9)0:#=-<;!H.)=%;8!DF!Mesorbitolina birmanica!GCAMERFB!:'./&0#!EI5L*B!/.==-<;!@.!E)>#(./B!$#0&.!#(&#!
@.! (#! 9)0:#=-<;! H.)=%;8! EF! Cuneolina pavonia! PKIHSRTEUB! :'./&0#! EI5**B! /.==-<;! @.! E)>#(./B!





x Formación Las Peñosas+!9(!./&':-)!.;!(#!/.<<-=;!:.!>)?#(./@!:.!(AB-;#/!:.(1#:#/!
$0)<.:.;&./!:.!()/!;-?.(./!<#04);#&#:)/!-;&.0<#(#:)/!.;&0.!(#/!2#<-./!/-(-<-(A/&-<#/!:.!(#!
$#0&.! 4#C#! :.! ./&#! ';-:#:! DE-1'0#! *F6GH@! I#! $.0B-&-:)! 0.<);)<.0! Cuneolina pavonia!
JKLMNOP>Q! D,AB-;#! 6R9H@! C';&)! <);!Cuneolina! /$F@! Sabaudia minuta! DSLET9MH@!
Sabaudia! /$F@! Coskinolinella daguini! J9,UVW! 3! J9,LEEM9! 3! Simplorbitolina 
manasi "OMQ!3!MVX!D,AB-;#!6REHF!9/&#!#/)<-#<-=;!/'1-.0.!';#!.:#:!V(4-.;/.!O;2.0-)0@!
#(!B.;)/!$#0#!(#!$#0&.!4#C#!:.!(#!';-:#:F!
x Formación Barcenaciones+! 9(! ./&':-)! :.! (AB-;#/! :.(1#:#/! $0)<.:.;&./! :.! (#!
/.<<-=;! :.! >)?#(./! DE-1'0#! *F6GH@! I#! $.0B-&-:)! 0.<);)<.0! $#0#! ./&#! ';-:#:! ';#!




/.<<-);./! :.! "'<I%#! D$(#3#! :.! ,)/! "#4#(()/5$(#3#! :.(! S'.?)H@! <#;&.0#! :.! "'<I%#@! 3!




x Formación San Esteban+!9(!./&':-)!:.!(AB-;#/!:.(1#:#/!:.!./&#!';-:#:!#2()0#;&.!.;!
(#! /.<<-=;! :.! [';&#! :.(! "'.0;)! D#<#;&-(#:)! :.! "'<I%#H! I#! $.0B-&-:)! 0.<);)<.0!
#4';:#;&./! /.<<-);./! :.! Iraquia simplex! S9>WL>@! C';&)! <);! /.<<-);./! :.!




';-:#:! $0./.;&#! ';! ./$./)0! B#3)0@! 3#! Y'.! .;! ()/! #<#;&-(#:)/! :.! "'<I%#! D$(#3#! :.(!
S'.?)H! 3! :.! W'#;<./! D[';&#! :.(! J-<I)/)H! (#! ';-:#:! /.! .;<'.;&0#! B'3! 0.:'<-:#! :.!
$)&.;<-#!D<#F!]566!B.&0)/!$#0#!&):#!(#!';-:#:HF!9;!(#!<#;&.0#!:.!"'<I%#!;)!#2()0#!(#!4#/.!
:.!(#!';-:#:F!9;!./&#!/.<<-=;!/.!I#!0.<);)<-:)@!$#0#!(#!$#0&.!B.:-#!3!#(&#!:.!(#!';-:#:@!
Recteodictyoconus giganteus W"SML9J9M@! Dictyoconus? pachymarginalis!
W"SML9J9M@! Sabaudia minuta! DSLET9MH@! ! Sabaudia /$F D,AB-;#! 66"H@!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'()!*+!,-&)./&0#&-10#2%#!3!4-)./&0#&-10#2%#!
5!67*!5!
Mesorbitolina texana! 89:;<;9=!3!Mesorbitolina birmanica! 8>?@AB=!8>CD(#1-E&F.-&!
$.0G! C)HG=I! J'E&)! C)E! /.CC-)E./! K.!Polyconites verneuili! 8L?M,;=! 8,NH-E#! 66?=I! ()!
O'.!/'1-.0.!'E#!.K#K!K.!?$&-.E/.!>'$.0-)0G!!
x Formación Barcenaciones+!;E!.(!N0.#!K.!"'CD%#I!.E! (#/!C#(C#0.E-&#/!K.! (#!4#/.!K.!
./&#! 'E-K#K! #2()0#E&./! .E! (#! /.CC-PE! K.!"'CD%#! 8$(#3#! K.(!@'.Q)=! 8R)&)! *GST"=! /.! D#!
0.C)E)C-K)! Hensonina lenticularis! @;A>:A! 8,NH-E#! 66R=I! Cuneolina pavonia!
UV:9LBWAMI!J'E&)!C)E!#4'EK#E&./!/.CC-)E./!K.!Caprina choffati!U:XYB,,ZI!()!O'.!
$.0H-&.E!#&0-4'-0!./&.!#2()0#H-.E&)!#(!?(4-.E/.!>'$.0-)0G!B1'#(H.E&.I!.E!(#!/.CC-PE!K.!(#!













Lámina 1195! :;/-(./! <)=! >#()0! 4-)./&0#&-10?2-<)! @.(! A$&-.=/.! 3! A(4-.=/.! @.(! ?0.#! @. Cuchía9! AB!
Polyconites verneuili! CDAE,FBG /.<<-;=!@.!H'#=<./! CI'=&#!@.(!J-<K)/)BG!:)0L#<-;=!M.)<%=G!A$&-.=/.!
H'$.0-)09! BB! Caprina choffati! JNOPQ,,RG! /.<<-;=! @.! (#! <#=&.0#! @.! "'<K%#! C$#0&.! #(&#BG! :)0L#<-;=!
D#0<.=#<-)=./G!A(4-.=/.! H'$.0-)09!CB!Sabaudia /$9G!L'./&0#!""O5*G! /.<<-;=! @.! (#! <#=&.0#! @.!"'<K%#G!
:)0L#<-;=! M.)<%=9!DB!Cuneolina pavonia! JSNMDQTUEG!L'./&0#! ""O56VWG! /.<<-;=! @.! (#! <#=&.0#! @.!
"'<K%#G!:)0L#<-;=!D#0<.=#<-)=./9!EB!Cuneolina pavonia!JSNMDQTUEG!L'./&0#!""O5666G!/.<<-;=!@.!(#!











?.! 9)<20%#! B")@-((#/ER! U#0;#! (#! V)<#! Stoloczkaia disparF! $#0&.! #(&#! ?.! (#! /'4W)<#! Stoliczkaia blancheti!
BU)0.<)5A.?@#0F! ;)@R! $.0RER! EE! Cuneolina pavonia! GXHYAKZ[\F! @'./&0#! DI5**F! /.;;-:<! ?.! D'#<;./!







;.(! >):&.:-;)! $#(-:)(?1->)@! ':! &)&#(! ;.! A6! B'./&0#/! $0)>.;.:&./! ;.! (#/! ':-;#;./!
./&0#&-10C2->#/! D)0B#>-?:! E#&0)>-:-)@! D)0B#>-?:! F);.G#/@! D)0B#>-?:! F.)>%:! 3!
D)0B#>-?:! ,#/! E.H)/#/@! /.1I:! ()/! BJ&);)/! ;./>0-&)/! .:! .(! #:&.0-)0! #$#0&#;)!
B.&);)(?1->)!;.!./&#!B.B)0-#! K"#$%&'()!6LAML!9.! (#/!A6!B'./&0#/! 0.>)1-;#/@!:)! &);#/!
$0./.:&#0):! #/)>-#>-):./! 4-.:! $0./.0N#;#/! .! -:>('/)! >-:>)! 2'.0):! ./&J0-(./L! O:! ./&.!
&0#4#<)!/)()!/.!-:;->#0C:!()/!0./'(&#;)/!;.!(#/!B'./&0#/!BC/!2J0&-(./!P'.@!#;.BC/@!2'.0):!
(#/!P'.!$0./.:&#0):!()/!.<.B$(#0./!B.<)0!$0./.0N#;)/L!
E#0#! (#! ;.&.0B-:#>-?:! ;.! ()/! $#(-:)B)02)/! 3! (#! ;#&#>-?:! ./&0#&-10C2->#! /.! =#:!
'&-(-G#;)! ()/! &.Q&)/! ;.! R0))&! 3! R0))&! K6S8AM@! T'01.0! K6S88M@! U)00-/! K6S8SM@! V.B$!
K6S7WM@!9X0=X2.0! K6S77M@!Y0-#/! 3!9)'4-:1.0! K6SZWM@![)>='(-! K6SZ6M@!,..0.N.(;!et al.!
K6SZSM@! \0-:>])! K6SSWM@! ['1=./! et al.! K6SS6M@! ['1=./! 3! ^>9)'1#((! K6SSWM@! T#&&.:!
K6SSSM@!_#<;#!KAWW6M@!9.<#Q!et al.!KAWW7ML!
9.! (#/! 68! B'./&0#/! >):! >):&.:-;)! $#(-:)(?1->)@! ;)/! $.0&.:.>.:! #! (#! D)0B#>-?:!
E#&0)>-:-)!;.(!Y$&-.:/.! `:2.0-)0! K/.>>-):./!;.![#3'.(#5"#:#(./!3!O(!a)$(#)@!B'./&0#/!
"#:#(./5E#&0)>-:-)! 3! a)$5E#&0)>-:-)! 0./$.>&-N#B.:&.@! \#4(#! 6M@! ':#! #! (#! D)0B#>-?:!
F);.G#/! ;.(! Y$&-.:/.! a'$.0-)0! K/.>>-?:! ;.! F'-()4'>#@!B'./&0#! F'5"'>=%#@! \#4(#! 6M@!
':#!#! (#!D)0B#>-?:!F.)>%:!;.(!Y$&-.:/.!a'$.0-)0!K/.>>-?:!;.!F'-()4'>#@!B'./&0#!F'5
F.)>%:@! \#4(#! 6M! 3! .(! 0./&)! #! (#! ':-;#;! #B4#0%1.:#! )! D)0B#>-?:! ,#/! E.H)/#/! ;.(!
















x Formación Patrocinio+! ,#/! 9'./&0#/! :'.! $0);.<.=! <.! (#! >)09#;-?=! @#&0);-=-)!
./&A=!;#0#;&.0-B#<#/!$)0! (#!#4'=<#=;-#!<.!Classopollis C,A9-=#!6*.D!3!Exesipollenites 
tumulusE! F(! 1G=.0)! Classopollis .0#! $0)<';-<)! $)0! ;)=%2.0#/! H)3! .I&-=1'-<#/! <.! (#!
2#9-(-#! "H.-0)(.$-<-#;.#.! CJ#3()0! 3! K(L-=M! 6N8OP! Q#&/)=M! 6N88DM! 9-.=&0#/! :'.! E. 
tumulus ./&A! 0.(#;-)=#<)! &#=&)! ;)=! ;)=%2.0#/! &#I)<-)-<./! ;)9)! ;)=! $(#=&#/! <.(! )0<.=!
R.==.&&-&#(./! CR#(9.M!6NNSDE!,.!/-1'.=!.=!#4'=<#=;-#! ()/!10#=)/!<.!$)(.=!<.(!1G=.0)!
Ephedripites C,A9-=#! 6*2DE! F/&.! 1G=.0)! ./&A! 0.(#;-)=#<)! ;)=! .(! )0<.=! F$H.<0#(./!
CKBG9#!3!R)(&.=H#1.=M!6N7ODE!J#94-G=!/.!)4/.0L#=!.=!4#T#/!$0)$)0;-)=./!./$)0#/!<.!




$#0&.M! /.! &0#&#! <.(! 0.1-/&0)!9A/! #=&-1')! H#/&#! .(!9)9.=&)! <.! ./&.! &-$)! $)(%=-;)! .=! (#!





<.! ./&#! '=-<#<! /.! <-2.0.=;-#! <.! (#! #/);-#;-?=! <.! $?(.=./! <.(! K$&-.=/.! U=2.0-)0! C>9E!
@#&0);-=-)D!$)0!$0./.=&#0!'=#!<-/9-=';-?=!.=!(#!$0)$)0;-?=!<.!0.$0./.=&#=&./!<.(!1G=.0)!
Classopollis CW8MS\M!J#4(#!6DM!(#!<./#$#0-;-?=!<.!Exesipollinites!CX\D!3!.(!#'9.=&)!<.!
(#! $0)$)0;-?=! <.! 0.$0./.=&#=&./! <.! $?(.=./! 4-/#;#<)/! 0.(#;-)=#<)/! ;)=! ;)=%2.0#/P! <.!
Alisporites! C]W7\M! J#4(#! 6D! CV#T#00)! et al.M! WX664DM! 0.(#;-)=#<)/! ./&)/! ^(&-9)/! ;)=!
_H.(.;H)/! ;)=! /.9-((#/`! <.(! )0<.=! @.(&#/$.09#(./! CR#(9.M! 6NNSD! 3! <.!Deltoidospora!
C]a\DE!!
x Formación Reocín+!,#!9'./&0#!./&'<-#<#!$0);.<.=&.!<.!(#!>)09#;-?=![.);%=M!./&A!
<)9-=#<#! $)0! 4-/#;#<)/! -=<.&.09-=#<)/M! ()! :'.! $#0.;.! /.b#(#0! '=! 9.<-)! <.!
/.<-9.=&#;-?=! <.! $(#&#2)09#! 9#0-=#! #(! :'.! ((.1#0)=! 10#=! ;#=&-<#<! <.! $#(-=)9)02)/!
;)=&-=.=&#(./!#(?;&)=)/!#!;#'/#!<.!'=!$0);./)!<.!#=.9)2-(-#E!,)/!*X!&#I)=./!:'.!/.!H#=!








Lámina 1395! :#(-;)<)02)/! /.(.==-);#>)/! >.(! ?$&-.;/.! >.(! @0.#! >.! ./&'>-)! A&)<#>)! >.! B#C#00)! et al.D!
EF664G9! a+! 10#;)! >.! $)(.;! >.! Clavatipollenites! /$9D! >.! (#! H<9! :#&0)=-;-)I! b+! ./$)0#! >.! (#! ./$.=-.!
Deltoidospora australis!A")'$.0G!:)=)=JD!>.!(#!H<9!:#&0)=-;-)I!c+!10#;)!>.!$)(.;!>.!Tricolpites!/$9!AT9!#229!
parvus!K&#;(.3GD!>.!(#!H<9!:#&0)=-;-)I!d+!./$)0#!Rubinella major!A")'$.0G!B)00-/D!>.!(#!H<9!:#&0)=-;-)I!e+!
Classopollis classoides! :2('1! .<.;>9! :)=)=J! #;>! L#;/);-'/D! >.! (#! H<9! :#&0)=-;-)I! f+! 10#;)! >.! $)(.;!
Ephedripites multicostatus! M0.;;.0D! >.! (#! H<9! :#&0)=-;-)I!g+! 10#;)! >.! $)(.;! 4-/=#>)!<#(! $0./.0N#>)! >.!
Alisporites! /$9D!H<9!O.)=%;I!h+!P'-/&.!>.!>-;)2(#1.(#>)!>.!#229!Criboperidinium! /$9D!>.! (#!H<9!O.)=%;I! i+!






?#'&.0-@-.;/.A! =-.;&0#/! B'.! (#! $0./.;9-#! <.!Pseudoceratium polymorphum! /.C#(#! ';!
0.1-/&0)!B'.!9)=-.;D#!.;!.(!E$&-.;/.F
G-! 9)=$#0#=)/! ./&#! ='./&0#! 9);! (#! <.(! E$&-.;/.! H;2.0-)0! IJ=F! K#&0)9-;-)LA! (#!
#/)9-#9-:;! <.! (#! J=F! M.)9%;! <.(! E$&-.;/.! G'$.0-)0! ='./&0#! &#=4-N;! ';#! 9(#0#!
<-/=-;'9-:;!.;!(#!#4';<#;9-#!<.!Classopollis 3!(#!9#/-!<./#$#0-9-:;!<.!ExesipollenitesA 
#9)=$#C#<)! <.! ';! 10#;! -;90.=.;&)! <.! 10#;)/! <.! $)(.;! 4-/#9#<)/! 0.(#9-);#<)/! 9);!
9);%2.0#/! IO7APQLF! E/%! =-/=)A! #$#0.9.;! 10#;)/! <.! $)(.;! 9'$0./)-<./! <.!
Inaperturopollenites dubius! IRASQLT! 3! #'=.;&#! (#! $0./.;9-#! <.! 10#;)/A! &#=4-N;!
4-/#9#<)/A! <.(! 1N;.0)!Alisporites I,>=-;#! 6*1LF! U/&.! &-$)! <.! $)(.;! /.! 0.(#9-);#! 9);!
VW.(.9W)/!9);!/.=-((#X!<.(!)0<.;!K.(&#/$.0=#(./!IY#(=.A!6ZZSLF!,#!#$#0-9-:;!<.!B'-/&./!
<.! <-;)2(#1.(#<)/! ITenua histrix U-/.;#[! .=.;<! G#0\.#;&A! Pseudoceratium 
polymorphum! IU-/.;#[L!Y-;&!3!Spiniferites! /$FL!.;! (#!='./&0#!<.! (#!J=F!M.)9%;A! \';&)!
9);!#(1';)/!0.((.;)/!)01>;-9)/!<.!9#$#0#D);./!<.!2)0#=-;%2.0)/!9);2-0=#;!.(!#=4-.;&.!
<.!/.<-=.;&#9-:;!=#0-;#!$#0#!./&#!';-<#<F!
x Formación Las Peñosas+! ].! (#/! ='./&0#/! $0)9.<.;&./! <.! (#! J=F! K.C)/#/A! 6^!
$0)9.<.;! <.(! .;9(#@.! <.(! 3#9-=-.;&)! <.(! >=4#0! <.! U(! G)$(#)! I='./&0#! G)$5K.C)/#/A!
_#4(#!6!3! !='./&0#/!<.!K6! #!K66A!_#4(#!^L!3!)&0#!$0)9.<.!<.! (#! /.99-:;!<.!":40.9./!




H4N0-9#! IK.30)&! et al.A! ^88PLF! U;! ./&.! 9#/)A! (#! ./$.9-.! =.\)0! 0.$0./.;&#<#! 2'.!
Inaperturopollenites dubius!B'.!/.!0.(#9-);#!9);!9);%2.0#/!<.!(#!2#=-(-#!"'$0.//#9.#.F!
,#! #$#0-9-:;! .;! (#! J=F! ,#/! K.C)/#/! <.! (#/! ./$.9-./! Appendicisporites robustusA!
Cicatricosisporites patapscoensis!3!Asteropollis!/$FA!-;<-9#!$#0#!./&#!='./&0#!';#!.<#<!
<.;&0)! <.(! -;&.0@#()! E$&-.;/.! G'$.0-)05E(4-.;/.! c.<-)A! #';B'.! (#! $0./.;9-#! <.!















Tabla 3.-! 8.(#9-:;! <.! $#(-;)=)02)/! -<.;&-2-9#<)/! .;! (#! >)0=#9-:;! ,#/! ?.@)/#/! <.(! A(4-.;/.! B;2.0-)0!
C='./&0#/! $0)9.<.;&./! <.! (#! 9#&#! <.(! 3#9-=-.;&)! <.(! D=4#0! <.! E(! F)$(#)GH! ,#/! ./&0.((#/! -;<-9#;! (#!
$0./.;9-#!)!;)!$0./.;9-#!<.!()/!<-2.0.;&./!&#I);./!$#0#!9#<#!='./&0#H!
!
,#! ='./&0#! F)$5?.@)/#/J! 9);! KK! &#I);./! -<.;&-2-9#<)/J! &-.;.! ';#! #/)9-#9-:;!
/-=-(#0!#!(#!#;&.0-)0!CL#M#00)!et al.J!NO6OGJ!$.0)!.;!.((#!;)!/.!P#;!.;9);&0#<)!()/!&#I);./!
Q'.!-;<-9#;!(#!.<#<!=.;9-);#<#H!,)!R;-9)!Q'.!/.!$'.<.!9);9('-0!./!Q'.!(#!$0./.;9-#!<.!
Pennipollis /$$H 3!<.!Densoisporites velatus!!/.@#(#;!#(!-;&.0S#()!A$&-.;/.5A(4-.;/.H!
,#/! ='./&0#/! ?65?66! 2'.0);! 0.9)1-<#/! .;! (#! 9#&#! <.(! 3#9-=-.;&)! <.! D=4#0! <.!
8D4#1)5E(!F)$(#)!9);!-;&.0S#()/!./&0#&-10D2-9)/!<.!';)/!6T!9=H!U)<#/!.((#/!/);!0-9#/!.;!
=-)/$)0#/J! /-! 4-.;! (#/! #/)9-#9-);./! )4&.;-<#/! 2'.0);! ='3! /-=-(#0./! .I9.$&)! .;! (#/!
='./&0#/! ?6O! 3! ?66J! &)=#<#/! #! &.9P)! <.(! 3#9-=-.;&)! CU#4(#! *GH! A<.=D/J! &)<#/! .((#/!
$0./.;&#;!$#(-;)=)02)/!=#0-;)/H!E;!9);M';&)J!/.!P#;!-<.;&-2-9#<)!KV!&-$)/!<.!./$)0#/!<.!







HI6IJ9! 1+! Retimonocolpites dividuus! A-.0;.K! 2+! Cicatricosisporites patapscoensis! L0.<<.0K! 3+!




,#/! #/);-#;-)<./! =.! (#/! ?'./&0#/! =.! (#! >)0?#;-@<! ,#/! A.B)/#/! ./&R<! /-.?$0.!
=)?-<#=#/! $)0! Inaperturopollenites dubius! 3!Classopollis /$$9G! ?)/&0#<=)! ./&)/! =)/!
&#S)<./!$)0;.<&#F./! /-?-(#0./! .<! &)0<)!#(!*IT!=.!#4'<=#<;-#! DU#4(#!HJ9!,.! /-1'.<!.<!
-?$)0&#<;-#! ;)<! #(0.=.=)0! =.! '<! VT! =.! $0./.<;-#! Exesipollenites tumulusG!
Araucariacites australisG! Monosulcites chaloneriG! Cycadopites /$$9! 3! (#/! ./$)0#/! =.!
;03$&@1#?#/!P#/;'(#0./! D$0-<;-$#(?.<&.!Deltoidospora /$$9J! DU#4(#!HJ9!,)/!10#<)/!=.!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'()!*+!,-&)./&0#&-10#2%#!3!4-)./&0#&-10#2%#!
5!678!5!
$)(.9! :.! #91-)/$.0;#/! $0-;-&-<#/! ./&=9! $0./.9&./! .9! &):#/! (#/! ;'./&0#/! #'9>'.! :.!
2)0;#!;'3!./?#/#! @A6BCD! /-.9:)! 20.?'.9&./!./$.?-./!:.! ()/!1E9.0)/!ClavatipollenitesD!
Brenneripollis!3!Transitoripollis!@F#4(#!GCH!,)/!10#9)/!&0-?)($#:)/!/)9!0#0)/!3!#$#0.?.9!
./$)0=:-?#;.9&.H! ")9?0.&#;.9&.D! (#/! ./$.?-./! -:.9&-2-?#:#/! I#9! /-:)! Retitricolpites 
maximusD!Tricolpites vulgaris!3!Tricolpites /$H!,#/!;'./&0#/!J6K!3!J66!/.!:-2.0.9?-#9!
:.(! 0./&)! $)0! ;)/&0#0! '9#! ;.9)0! #4'9:#9?-#! :.! Inaperturopollenites dubius! 3!
Exesipollenites tumulus 3! $0./.9&#0! '9! $.>'.L)! -9?0.;.9&)! 0./$.?&)! #! (#/! ;'./&0#/!
-92.0-)0./!:.!Araucariacites australisD!Monosulcites!/$H!3!Transitoripollis!/$$H!!
M./:.! '9! $'9&)! :.! <-/&#! 4-)./&0#&-10=2-?)D! (#! $0./.9?-#! :.! Cicatricosisporites 
patapscoensis! 3! Gregussisporites orientalis! .9! (#/! ;'./&0#/! :.! (#! N)0;#?-O9! ,#/!
J.L)/#/!:.(!3#?-;-.9&)!:.!=;4#0!:.!P(!Q)$(#)!@;'./&0#/!:.!(#!?#&#CD!-9:-?#9!'9#!.:#:!
:.! R$&-.9/.! Q'$.0-)05R(4-.9/.! @R0-#/! 3! M)'4-91.0D! 6S7KT! ,..0.<.(:! et al.D! 6S7SCD!
/-.9:)!(#!.:#:!;=/!$0)4#4(.!R(4-.9/.!U92.0-)0D!3#!>'.!.(!&.?I)!:.!(#!'9-:#:!-920#3#?.9&.!









3.3.- SECCIONES ESTRATIGRÁFICAS 
!
! ,)/!9#&)/!./&0#&-10:2-;)/!#9<'-0-9)/!9'0#=&.!.(!9./#00)(()!9.!./&#!-=>./&-1#;-?=!/.!





./&'9-)/! ((.>#9)/! #! ;#4)! .=! ./&#! &./-/A! $#0#! .(! 0.;)=);-@.=&)! 9.! /.;'.=;-#/!
9.$)/-;-)=#(./! 3! (%@-&./! 9.! /.;'.=;-#! 3! $#0#! #3'9#0! #! ./&#4(.;.0! (#! 1.)@.&0%#! 9.! (#!
;'.=;#! .B&.=/->#! 3! ()/! 0#/1)/! $#(.)1.)10:2-;)/! $0-=;-$#(./D! N! $#&-0! 9.! .((#/! /.! F#=!
;#0#;&.0-O#9)! ()/! &-$)/! 9.! 2#;-./! /.9-@.=&#0-#/! 3! /'/! ;#@4-)/! (#&.0#(./! #! ./;#(#! 9.!
#2()0#@-.=&)A!;)=!./$.;-#(!#&.=;-?=!.=!(#!1.)@.&0%#!9.!()/!9.$?/-&)/A!(-&)()1%#A!&.B&'0#A!
;)=&.=-9)! 2?/-(! 3! $0./.=;-#! 9.! ./&0';&'0#/! /.9-@.=&#0-#/D! ,#! .>)(';-?=! >.0&-;#(! 9.! (#/!
2#;-./! 3! /'! )01#=-O#;-?=! .=! /.;'.=;-#/A! #/%! ;)@)! .(! 0.;)=);-@-.=&)! 9.! (#/!
9-/;)=&-='-9#9./! ./&0#&-10:2-;#/! $0-=;-$#(./! F#=! $.0@-&-9)! )01#=-O#0! (#! /';./-?=!
./&'9-#9#! .=! /.;'.=;-#/! 9.$)/-;-)=#(./! &0#=/10./->)50.10./->#/! HP5QJD! ,#! ;)00.(#;-?=!
(#&.0#(! 9.! (#/! 9-2.0.=&./! '=-9#9./! (-&)./&0#&-10:2-;#/A! 9-/;)=&-='-9#9./! 3! /.;'.=;-#/!
9.$)/-;-)=#(./! 9-/&-=1'-9#/! .=! ;#9#! '=#! 9.! (#/! /.;;-?=./! ./&'9-#9#/A! K'=&)! ;)=! /'!
/.1'-@-.=&)! ;#0&)10:2-;)A! F#! $.0@-&-9)! )4/.0>#0! >#0-#;-)=./! (#&.0#(./! 9.! 2#;-./! 3!
./$./)0./!/.9-@.=&#0-)/!#!./;#(#!0.1-)=#(!3!0.;)=);.0!.=!.(!;#@$)!(#/!2#((#/!$0-=;-$#(./!
;)=!#;&->-9#9! /-=/.9-@.=&#0-#!<'.! ;)=&0)(#0)=! ./&)/! ;#@4-)/A! ()!<'.!F#! ;)=/&-&'-9)! (#!
4#/.!$#0#!#3'9#0!.=!(#!0.;)=/&0';;-?=!9.!(#!1.)@.&0%#!sinrift!9.!(#!;'.=;#!9.!./&'9-)D!
!
! ,#! ();#(-O#;-?=!9.! ()/!#2()0#@-.=&)/!9)=9.!/.!F#=!(.>#=&#9)!./&#/!;)('@=#/!/.!
0.$0./.=&#!.=!(#!I-1'0#!6D6!3!(#/!;))09.=#9#/!1.)10:2-;#/!9.(!&.;F)!3!4#/.!9.!;#9#!'=#!
9.!.((#/!/.!@'./&0#=!.=!(#!P#4(#!RD!E.!F#!'&-(-O#9)!.=!&)9#/!.((#/!'=#!/-@4)()1%#!;)@S=!
@)/&0#9#! .=! (#! 2-1'0#! *DTA! <'.! -=;('3.! (-&)()1%#A! &.B&'0#A! ;)=&.=-9)! 2?/-(! 3! ./&0';&'0#/!
/.9-@.=&#0-#/A! ;)=! '=! 9.&#((.! /'2-;-.=&.! $#0#! $.0@-&-0! (#! (.;&'0#! 9.! &)9#/! .((#/!
9-0.;&#@.=&.! #! $#0&-0! 9.! (#! 0.$0./.=&#;-?=! 10:2-;#D! N9.@:/! 9.! ./&)A! ;#9#! /.;;-?=!
./&0#&-10:2-;#!-=;('3.A!K'=&)!#!(#!0.$0./.=&#;-?=!9.!(#/!2#;-./A!'=#!;)('@=#!9./;0-$&->#!9.!







./&'=-#=#/! =.(! D$&-.9/.! 3! D(4-.9/.! ?'./&0#9! #/)<-#<-)9./! =.! 2#<-./! =.! ?.=-)/! C'.!
E#0%#9! =./=.! #?4-.9&./! (-&)0#(./! &0#9/-<-)9#(./! =.(&#-<)5./&'#0-9)/! #! 4#;%#! ./&'#0-9#:!









/.<'.9<-#/! 10#9)! 3! ./&0#&)<0.<-.9&./! 2)0?#9=)! 4#00#/! ?H&0-<#/! #! =.<#?H&0-<#/! <)9!
ripples! =.! )/<-(#<->9! #! &.<;):! -9&.0$0.&#=#/! <)?)! 4#00#/! /'4?#0.#(./! =-/&0-4'&#0-#/!
=.$)/-&#=#/! .9! ?.=-)! =.! 20.9&.! =.(&#-<)K! <G! ('&-&#/! 3! (-?)/! /'(2'0)/)/! 3! 2#<-./!




('&-&#/! 3! #0.9#/! 2-9#/! E.0/-<)()0./! <)9! &)9)/! 0)L)/! 3! ;'.((#/! =.! 0#%<./:! -9&.0$0.&#=)/!
<)?)!9-E.(./!=.!$#(.)/'.()/!.9!?.=-)/!=.!((#9'0#!=.(&#-<#@!
!
! ,)/! #?4-.9&./! =.!bahía estuarina /.! <#0#<&.0-J#9! $)0! $0./.9&#0! 2#<-./!?-I&#/!
&.00%1.9)5<#04)9#&#=#/! <)?$'./&#/! $)0! #0.9-/<#/! <#(<B0.#/:! <#(-J#/! 4-)<(B/&-<#/!










! ,)/! #84-.9&./! :.!plataforma carbonatada interna y lagoon /.! ;#0#;&.0-<#9!
$)0!(#!$0./.9;-#!:.!2#;-./!/)8.0#/!:.!4#=#!.9.01%#!;)8$'./&#/!$)0!;#(-<#/!8-;0%&-;#/!;)9!
#4'9:#9&.!Bacinella irregularis-Lithocodium aggregatum! 2)08#9:)!8#/#/! -00.1'(#0./!
&0)84)(%&-;#/>! lumps! 3! )9;)-:./>! ;#(-<#/! floatstone! #! rudstone! :.! 0':-/&#/>!
$0-9;-$#(8.9&.! 0.?'-@9-:)/! 3! $)(3;)9-&./>! 3! ;#(-<#/! wackestone! #! packstone! ;)9!
8-(-A(-:)/>!$.()-:./!3!#(1#/B!
!
! ,)/! #84-.9&./! :.! plataforma carbonatada abierta o media! energética!
$0./.9&#9!2#;-./!:.!;#(-<#/!packstone!3!grainstone!4-);(C/&-;#/!)!4-);(C/&-;#/5))(%&-;#/>!
;)9!20#18.9&)/!:.!;)(#0./!0#8)/)/>!20#18.9&)/!:.!0':-/&#/>!.?'-9):.08)/>!)04-&)(-9#/>!





! ,)/!#84-.9&./!:.!plataforma externa proximal /.!;#0#;&.0-<#9!$)0!(#!$0./.9;-#!
:.! ;#(-<#/! 9):'()/#/>! ;#(-<#/! 8#01)/#/! 3! 8#01#/! ;)9! ;)0#(./! 8#/-E)/! 3! &#4'(#0./! )!
./$)9=#/>! )! 4-.9! 8#01#/! 4-);(C/&-;#/! )! (-8)/#/>! 9)08#(8.9&.! 4-)&'04#:#/>! ;)9!
)04-&)(-9#/B!
!







;)8)! 0./$'./&#! #! E#0-#;-)9./! 0.(#&-E#/! :.(! 9-E.(! :.(!8#0>! &.;&A9-;#! /-9/.:-8.9&#0-#>! 3!
;#84-)/!.9!.(!&-$)!:)8-9#9&.!:.!#$)0&.!/.:-8.9&#0-)B!,#!)01#9-<#;-A9!:.!(#/!'9-:#:./!





Situación de las columnas estratigráficas. 






















































































































































































































































3.4.- DISCUSIÓN: SECUENCIAS DEPOSICIONALES 
!
9.! :#;! <-/&-;1'-<)! =! /.>'.;>-#/! <.! <.$?/-&)! @9A7! #! 9A=BC! $#0#! .(! -;&.0D#()!
E$&-.;/.! F;2.0-)05E(4-.;/.! F;2.0-)0! <.(! ;)0)./&.! <.! "#;&#40-#G! ,#! )01#;-H#>-?;! .;!




<.! >)0&.N)/! /.<-I.;&#0-)/! <.! ()/! ./O'.I#/!4#/#<)/! .;! ./&0#&-10#2%#! /.>'.;>-#(! >(L/->#G!
P;! ./&.! >#/)! (#/! /.>'.;>-#/! /.! /'4<-D-<.;! .;! <)/! &0#I)/! $0-;>-$#(./! 0.>);)>-4(./! #!











9-1'-.;<)! ./&.! >0-&.0-)C! /.! :#;! <-/&-;1'-<)! .;! .(! L0.#! <.! ./&'<-)! =! /.>'.;>-#/!
<.$)/->-);#(./!$0-;>-$#(./!@9A7!#!9A=C!D.0!U-1'0#!*G6*BG!E!>);&-;'#>-?;!/.!<./>0-4.;!
(#/!/.>'.;>-#/!<.!<.$?/-&)!.;!)0<.;!>)00.(#&-D)C!<./>0-4-.;<)! (#/!<-/>);&-;'-<#<./!O'.!
(#/! (-I-&#;C! (#/! ';-<#<./! (-&)./&0#&-10L2->#/! O'.! (#/! >)I$);.;! 3! /'! .D)('>-?;! -;&.0;#!
N';&)!>);!()/!0#/1)/!/.<-I.;&#0-)/!$0-;>-$#(./G!!!
!









Límites de secuencia 
,%9-&.!-:2.0-)0+!4#/.!;.!(#!<9=!>?4#1)@!(%9-&.!/'$.0-)0+!&.AB)!;.!(#!<9=!>?4#1)=!
,#! 4#/.! ;.! ./&#! /.A'.:A-#! C,DEF! ./! ':#! /'$.02-A-.! ;.! &0#:/10./-G:! 0?$-;#! /)40.!
9#&.0-#(./! A):&-:.:&#(./! ;.(! H.#(;! )! /)40.! 9#&.0-#(./! ;.(! 4#/#9.:&)! CI0-?/-A)F=! J(!
&.AB)!;.!./&#!/.A'.:A-#! C,D7F@!./&?!9#0A#;)!$)0! (#!;-/A):&-:'-;#;!;.! &.AB)!;.! (#!<9=!
>?4#1)=! J/&)! ./@! /.1K:! (#/! L):#/@! ':#! /'$.02-A-.! ;.! &0':A#9-.:&)! .0)/-M)! N'.! 4-/.(#!
./&0#&)/! ;.(! &.AB)! ;.! (#! <9=! >?4#1)! .0)/-):#:;)! 3! 2)09#:;)! $#(.)0.(-.M./! (#O)/! ;.!
B#/&#!6!9!.:!#(1':)/!$':&)/!C?0.#!;.(!/-:A(-:#(!;.!D#:&-((#:#FP!)!4-.:!./&?!0.$0./.:&#;)!
$)0!':#!/'$.02-A-.!;.!;-/)('A-G:!A):!2)09#A-G:!;.!A#M-;#;./!;.!&#9#Q)!;.A-9R&0-A)!3!
40.AB#/@! -:&.0$0.&#;#! A)9)! ':#! /'$.02-A-.! ;.! .O$)/-A-G:! /'4#R0.#! C?0.#! )./&.! ;.! ,#!
<()0-;#F=!!
!
Evolución vertical de facies y ambientes sedimentarios  
,#! /.A'.:A-#! $0./.:&#! (#! .M)('A-G:! M.0&-A#(! ;.! ()/! /-1'-.:&./! #94-.:&./!
;.$)/-A-):#(./!3!2#A-./!/.;-9.:&#0-#/+!7F!./&#;-)!7+!$(#&#2)09#!/-(-A-A(?/&-A#!/'49#0.#(!#!
-:&.09#0.#(=! <)09#;#! $)0! ':#! #(&.0:#:A-#! ;.! #0.:-/A#/!9-A?A.#/! ;.! 10#:)! 2-:)59.;-)!
A):!./&0#&-2-A#A-G:!A0'L#;#@!('&-&#/!A#04):)/#/!3!(-9)/!A):!(#9-:#A-G:!(.:&-A'(#0, flaser!
3! ripples! ;.! A)00-.:&.@! 0.$0./.:&#:;)! (#! $0-9.0#! -9$(#:&#A-G:! ;.! (#! /.;-9.:&#A-G:!
9#0-:#!/)9.0#!.:!.(!?0.#!;.!./&';-)!C&0#:/10./-G:!;.(!S$&-.:/.!T:2.0-)0FP!6F!./&#;-)!6+!
$(#&#2)09#! #4-.0&#! 9-O&#! /'49#0.#(! &.00%1.:)! A#04):#&#;#=! <)09#;#! $)0! #0.:#/!
A#(A?0.#/!A):!(#9-:#A-G:!):;'(#;#!3!)A#/-):#(9.:&.!ripples!;.!)/A-(#A-G:!N'.!#(&.0:#:!
A):!:-M.(./!;.!('&-&#/!#(.'0%&-A#/@!A#(-L#/!packstone5grainstone!3!9#01#/!A):!)04-&)(-:#/P!
3! *F! ./&#;-)! *+! $(#&#2)09#! A#04):#&#;#! -:&.0:#! /)9.0#! 0./&0-:1'-;#=! <)09#;#! $)0! ':#!
#(&.0:#:A-#!;.!9#01#/!A):!)04-&)(-:#/@!A#(-L#/!9#01)/#/!:);'()/#/!3!A#(-L#/!grainstone-





J/&#! /.A'.:A-#! 0.$0./.:&#! ':! A-A()! &0#:/10./-M)50.10./-M)@! .:! .(! N'.! .(! (%9-&.!
-:2.0-)0!;.!(#!/.A'.:A-#!M-.:.!9#0A#;)!$)0!':#!/'$.02-A-.!&0#:/10./-M#!C,DEF=!J(!./&#;-)!
7! 0.$0./.:&#! (#/! 2#A-./! &0#:/10./-M#/! ;.! (#! 4#/.! ;.(! A-A()@! A):! (#! -9$(#:&#A-G:! ;.! ':!
#94-.:&.! &.00%1.:)! &0#:/-A-):#(! #! 9#0-:)! /)9.0)=! J(! $#/)! #(! ./&#;-)! 6@! -:;-A#0%#! ':#!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'()!*+!,-&)./&0#&-10#2%#!3!4-)./&0#&-10#2%#!
5!667!5!
8-/9-:';-<:! 10#8'#(! 8.(! #$)0&.! 8.! &.00%1.:)/! #(! 9.8-)! ;)9)! ;):/.;'.:;-#! 8.! ':!
#'9.:&)! 0.(#&-=)! 8.(! :-=.(! 8.(! 9#0! 8'0#:&.! .(! 9>?-9)! &0#:/10./-=)@! 0./'(&#:8)! .:! (#!





E()0-8#B! -:8-;#0%#! ':#! ;#%8#! 0.(#&-=#! 8.(! :-=.(! 8.(!9#0! ;):! .0)/-<:! 8.! $#(.)0.(-.=./! 3!
$#(.)I#0/&C! D/&#! /.;'.:;-#! /)()! &-.:.! 0.$0./.:&#;-<:! .:! (#/! >0.#/! 8.(! /-:;(-:#(! 8.!
G#:&-((#:#!3!8.!,#!E()0-8#@!:)!#$#0.;-.:8)!/'/!.J'-=#(.:&./!.:!.(!>0.#!8.!"';F%#!A4-.:!
$)0!2#(&#!8.!8.$</-&)!)!4-.:!$)0!.0)/-<:BC!,#/!$)&.:;-#/!/.8-9.:&#0-#/@!8.!()/!./&#8-)/!K!
3! 6! 2'.0):! 0.(#&-=#9.:&.! ;):/&#:&./! $)0! ()! J'.! /.! 8.8';.! ':! $.0-)8)! &.;&<:-;)!
0.(#&-=#9.:&.! &0#:J'-()! 8'0#:&.! /'! 8./#00)(()C! G-:! .94#01)@! #(! 2-:#(! 8.(! ./&#8-)! *! /.!
8.8';.! ':#! #;&-=-8#8! &.;&<:-;#! 8.! 2#((#/! .?&.:/-=#/! AL'/&0-1'#8)! 3! G#:&-4#M.NB@!















':#! 0.(#;-<:! 8.! onlap! /)40.! (#! /'$.02-;-.! 8.! 8-/)(';-<:! $)0! .?$)/-;-<:! /'4#H0.#C! ,#!






8'.! .9! .(! :0.#! ;.! "'<=%#>! .(! (%?-&.! -92.0-)0! @-.9.! ?#0<#;)! $)0! '9#! /'$.02-<-.! ;.!
-9'9;#<-A9>!9.&#>!(-1.0#?.9&.!.0)/-@#!3!4-)&'04#;#>!/)40.!('&-&#/!<)9!$#(.)/'.()/!;.!(#/!
2#<-./!B.#(;.9/./!-920#3#<.9&./C!!
D(! (%?-&.! /'$.0-)0! E,F6G! ./&:! #(! &.<=)! ;.! (#! H?C! F#9! D/&.4#9C! D9! .(! :0.#! ;.(!
/-9<(-9#(! ;.! F#9&-((#9#>! ./&.! (%?-&.! ;.! /.<'.9<-#! ./&:! 0.$0./.9&#;)! $)0! '9! ;-#/&.?#! #!
&.<=)!;.!'9!9-@.(!<#(-I)!2'.0&.?.9&.!4-)&'04#;)>!?-.9&0#/!8'.!.9!.(!:0.#!;.!"'<=%#!./&.!
(%?-&.!./&:!2)0?#;)!$)0!'9!9-@.(!;.!40.<=#/!<)9!<#9&)/!<#(<:0.)/!-9&.0$0.&#;)!<)?)!'9#!
/'$.02-<-.!?#3)0! ;.! .J$)/-<-A9! /'4#K0.#C!D9! .(! :0.#! ;.!,#!H()0-;#>! .(! (%?-&.! /'$.0-)0!
./&:!?#0<#;)!$)0!'9#!(#1'9#!./&0#&-10:2-<#!#!&.<=)!;.!(#!H?!L#&0)<-)9-)!E;-/<'&-;)!.9!.(!
<#$%&'()! #9&.0-)0G>! 2#(&#9;)! (#! $#0&.! 0.10./-@#! ;.(! <-<()! 3! ./&#9;)! 0.$0./.9&#;#! /)()! (#!
$#0&.!&0#9/10./-@#!;.(!<-<()!M5NC!
!
Evolución vertical de facies y ambientes sedimentarios  
,#! .@)('<-A9! @.0&-<#(! ;.! 2#<-./! 3! #?4-.9&./! /.;-?.9&#0-)/! ;.! ./&#! /.<'.9<-#!
<)?$0.9;.! O! ./&#;-)/! .@)('&-@)/C! 7G!D(! ./&#;-)! 7>! <)-9<-;.! <)9! .(! ;.$A/-&)! ;.! (#! H?C!
P?40.0#!3!./&:!2)0?#;)!$)0!4#00#/!;.<-?K&0-<#/!#!?K&0-<#/!;.!<#(<#0.9-&#/!grainstone5
packstone! ;.! #0.9#/! ))(%&-<)54-)<(:/&-<#/! <)9! ./&0#&-2-<#<-A9! <0'I#;#C! F.! -9&.0$0.&#9!
<)?)!;.$A/-&)/!;.!4#Q%)/!)!shoals!.9!'9!?.;-)!;.!#(&#!.9.01%#>! ()<#(-I#;)!.9! (#!$#0&.!
-9&.09#!#!?.;-#!;.!'9#!0#?$#!<#04)9#&#;#C!D(! &.<=)!;.(!./&#;-)!7!@-.9.!?#0<#;)!4-.9!
$)0!'9!<#?4-)!40'/<)!.9!.(! &-$)!;.! /.;-?.9&#<-A9! E:0.#/!;.!,#!H()0-;#!3! /-9<(-9#(!;.!
F#9&-((#9#G! )! 4-.9! $)0! '9#! /'$.02-<-.! 4-)&'04#;#! <)9! 1(#'<)9-&#! .! -9<0'/&#;#! $)0!
)/&0.-;)/!E:0.#!;.!"'<=%#GC!6G!D(!./&#;-)!6>!8'.!<)?$0.9;.!.(!&0#?)!-92.0-)0!;.!(#!H?C!
L#&0)<-9-)>! /.! <#0#<&.0-I#! $)0! .(! ;.$A/-&)! ;.! ('&-&#/!?#01)/#/! )/<'0#/! <)9! 9A;'()/! ;.!
/-;.0-&#>!$-0-&#>!#??)9-&./!3!0./&)/!;.!?#&.0-#!)01:9-<#C!R#<-#!(#!$#0&.!#(&#>!.(!<)9&.9-;)!
.9! (-?)/! #'?.9&#! #$#0.<-.9;)! 9-@.(./! 4-)<(:/&-<)/! ;.! 4#/.! .0)/-@#! E&.?$./&-&#/G! <)9!




(#! H?C! L#&0)<-9-)>! ./! 10#;'#(! 3! /.! <#0#<&.0-I#! $)0! '9#! /.<'.9<-#! ./&0#&)5! 3! 10#9)5
<0.<-.9&.!;.!2#<-./!=.&.0)(%&-<#/!;.!#(&.09#9<-#!;.!('&-&#/!<#04)9)/#/!3!?-<:<.#/>!(-?)/!3!
2-9#(?.9&.! #0.9-/<#/! <)9! ./&0#&-2-<#<-A9! <0'I#;#! 3! (#?-9#<-A9! convolute>! ;.$)/-&#;#/!
$)0! $0)10#;#<-A9! ;.! '9! #?4-.9&.! ;.(&#-<)C! OG! W! 4#/.! ;.(! ./&#;-)! O! ;-/?-9'3.! .(!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'()!*+!,-&)./&0#&-10#2%#!3!4-)./&0#&-10#2%#!
5!666!5!





9.! '8! #=4-.8&.! 9.! 20.8&.! 9.(&#-7)! #! '8! #=4-.8&.! 9.! $(#&#2)0=#! 7#04)8#&#9#! /)=.0#:!
0.$0./.8&#9)!$)0!(#!H=E!?#8!I/&.4#8E!J#8&)!.(!./&#9-)!*!7)=)!.(!D!8)!./&;8!0.1-/&0#9)/!
.8!.(!;0.#!9.!,#!H()0-9#!>$)0! (#!$0./.87-#!9.!'8#!(#1'8#!./&0#&-10;2-7#@E!I8!.(!;0.#!9.(!
/-87(-8#(! 9.! ?#8&-((#8#! .(! 7'#0&)! ./&#9-)! /.! 7#0#7&.0-<#! $)0! .(! 9.$G/-&)! 9.! 4#87)/! 9.!
7#(-<#/!3!=#01)7#(-<#/!7)8!)04-&)(-8#/:! /.1'-9)!$)0!'8#!/'7./-G8!9.!4#87)/!9.!7#(-<#/!




=#01#/! 8)9'()/#/! 7)8! 4-)7(#/&)/:! )04-&)(-8#/:! ./$)8L#/! 3! 7)0#(./! $(#8#0./! 3! =#/-B)/:!
C'.! 10#9'#(=.8&.! $#/#8! #! 4#87)/! 7(#0)/! 9.! 7#(-<#! 7)8! $.C'.M)/! 0.C'-K8-9)/E! I/&)/!





7#(7;0.)/:! .8&0.! ()/! C'.! /.! -87('3.8! 7#8&)/! 9.! 7#(-<#/! 9.! ./&0)=#&)(-&)/! (#=-8#9)/! 3!
7#8&)/! 8.10)/! >#2()0#=-.8&)! 9.! S'8&#! 9.!F2'.0#@:! )! 4-.8! $)0! '8! 8-B.(! 9.7-=K&0-7)! 9.!




I/&#! /.7'.87-#! 0.$0./.8&#! ! '8! 7-7()! &0#8/10./-B)50.10./-B)!=#3)0:! C'.! -87('3.!
9)/!/.7'.87-#/!=.8)0./E!I(!./&#9-)!O!=#07#!.(! -8-7-)!9.! (#!8'.B#! &0#8/10./-G8!=#0-8#E!
")8/&-&'3.!(#!$#0&.!4#/#(!>&0#8/10./-B#@!9.(!$0-=.0!7-7()!9.!(#!/.7'.87-#:!7)8!.(!9.$G/-&)!
9.!4#L%)/!)!shoals!7#(7#0.8-&-7)/!.8!(#!$#0&.!-8&.08#!#!=.9-#!9.!'8#!0#=$#!7#04)8#&#9#E!
U#7-#! .(! 2-8#(! 9.! ./&.! ./&#9-):! /.! $0)9'7.! '8#! $0)2'89-<#7-G8! 0;$-9#! 9.(! =.9-)!
/.9-=.8&#0-):!9#89)!('1#0!#!'8#!!/'$.02-7-.!4-)&'04#9#!7)8!1(#'7)8-&#!.!-870'/&#9#!$)0!




)01#8-/=)/! 9#A#<)0./B! C/&)/! 2'.0)8! $)/&.0-)0=.8&.! 9'4-.0&)/! $)0! ('&-&#/! =#01)/#/!
)/9'0#/!<'0#8&.!.(! ./&#<-)!6;! /.1D8!#A#8@E! (#! &0#8/10./-E8!=#0-8#B!F.!./&#!=#8.0#;!.(!
<.$E/-&)! <.! ./&#/! ('&-&#/!=#01)/#/! <.! (#! G=B! H#&0)9-8-)! 0.2(.?#! .(! $.0-)<)! <.!=IJ-=#!
&0#8/10./-E8!)!-8'8<#9-E8!<.(!9-9()!$0-89-$#(!K5L!7G-1'0#!*B6*:;!$)/-4(.=.8&.!<.4-<)!#!
(#!#99-E8!9)8?'8&#!<.!'8#!0I$-<#!/'4-<#!0.(#&-A#!<.(!8-A.(!<.(!=#0!3!#!'8!-890.=.8&)!.8!
.(! #$)0&.! <.! &.00%1.8)/! 2-8)/! <./<.! .(! 9)8&-8.8&.! .8! 0.(#9-E8! #! '8#/! 9)8<-9-)8./!
9(-=I&-9#/!=I/!MD=.<#/!7N#?#00)!.&!#(B;!6OPP#;!6OPP4:B!Q!$#0&-0!<.(!./&#<-)!*!/.!$0)<'9.!
'8#! /)=.0-@#9-E8! $0)10./-A#! <.(! =.<-)! <.! <.$E/-&)! 3! .(! 9)=-.8@)! <.! '8#! 0.10./-E8!
0I$-<#;!9)8!$0)10#<#9-E8!()9#(=.8&.!<.!'8!/-/&.=#!<.(&#-9)!7$#0&.!0.10./-A#!<.(!$0-=.0!
9-9():B! G-8#(=.8&.! .(! ./&#<-)! R;! >'.! &'A)! ('1#0! <'0#8&.! .(! =IJ-=)! 0.10./-A)! <.! (#!
/.9'.89-#!$0-89-$#(;!9)8/&-&'3.!-8&.08#=.8&.!'8!9-9()!&0#8/10./-A)50.10./-A)!=.8)0B!,#!
$#0&.!&0#8/10./-A#!<.(!9-9()!=.8)0!./&I!9)8/&-&'-<#!$)0!=#01#/!3!#0.8#/!)04-&)(%8-9#/!7#!
&.9M)! <.(! /-/&.=#! <.(&#-9)! -82.0-)0:! =-.8&0#/! >'.! (#! $#0&.! 0.10./-A#! <.(! 9-9()! ./&I!
=#09#<#!$)0!(#!-8/&#'0#9-E8!<.!(#!$(#&#2)0=#!9#04)8#&#<#!/)=.0#!3!$0)&.1-<#;!.8!(#!>'.!
/'!.A)('9-E8!A.0&-9#(!-8<-9#!(#!0.9'$.0#9-E8!0I$-<#!<.!(#!$0)<'99-E8!9#04)8#&#<#!<.4-<)!






















G/.;;-)8./! 9.! 0%)! J#8/#! 3! K@4#1)I?! ./&@! :#0;#9)! $)0! '8! 8-B.(! 9.! 40.;A#/!
-8&0#2)0:#;-)8#(./!;'3)!)0-1.8!/.!-8&.0$0.&#!!;)8!'8#!8'.B#!2#/.!9.!.C$)/-;-<8!/'4#D0.#!
9.! (#! $(#&#2)0:#! 3! $)/&.0-)0! 0.&0#4#L#:-.8&)! .0)/-B)! 9'0#8&.! (#! /-1'-.8&.! &0#8/10./-<8!
:#0-8#E!F/&.!8-B.(!-8;)0$)0#!#!(#!4#/.!9.!(#!/.;'.8;-#!/-1'-.8&.?!-8&0#;(#/&)/!9.!&#:#M)!
9.;-:D&0-;)! 9.! ;#(->#/! ;)8! 0'9-/&#/! 3! 1#/&.0<$)9)/! 3! ;#8&)/! 8.10)/! 9.! 8#&'0#(.>#!
:-;0%&-;#!3!&#:#M)!;.8&-:D&0-;)E!,#!:#&0->!.8&0.!()/!;(#/&)/!./&@!;):$'./&#!$)0!:#01#/!
;)8!)04-&)(-8#/!3!$)0! ;#(;#0.8-&#/!packstone! ;)8!4-);(#/&)/E!F8! (#! >)8#!9.!':40#(!9.(!
$#(.)#(&)! 9.! H'#8;./5"';A%#! .(! (%:-&.! 9.! /.;'.8;-#! ./! '8#! /'$.02-;-.! .0)/-B#! 3! 9.!
0.:);-<8E!H)40.!(#!/'$.02-;-.!9.!.0)/-<8!/.!)4/.0B#!'8!&0#:)!-00.1'(#0!9.!A#/&#!N?*!:!9.!
$#0#40.;A#! ;#(;@0.#! ='.! -8;)0$)0#! ;#8&)/! 9.! ()/! 8-B.(./! -820#3#;.8&./! .8! '8#! :#&0->!






Evolución vertical de facies y ambientes sedimentarios  
O! ()! (#01)! 9.! ./&#! /.;'.8;-#! /.! A#8! 9-/&-81'-9)! P! ./&#9-)/! .B)('&-B)/?! ./&#89)!
2)0:#9)/! 9.! :#8.0#! ;)8/.;'&-B#! $)0! ()/! /-1'-.8&./! #:4-.8&./! 9.$)/-;-)8#(./! 3!
(-&)()1%#/+! F/&#9-)! QI! #:4-.8&.! 9.! $(#&#2)0:#! .C&.08#5:.9-#?! ;):$'./&)! $)0! (-:)/! 3!
;#(->#/! packstone! ;)8! 4-);(#/&)/?! 20#1:.8&)/! 9.! 0'9-/&#/?! ;)0#(./! 0#:)/)/! 3!
1#/&.0<$)9)/?! ='.! #(&.08#8! ;)8! 2-8)/! 8-B.(./! 9.! ;#(->#! :#01)/#! 3! 8)9'()/#! ;)8!
4-);(#/&)/! 3! ;)0#(./E! F/&#9-)! 6I+! #:4-.8&.! 9.! $(#&#2)0:#! &.00%1.8#! ='.! B#0%#! 9./9.!
$0-:.0)!shoreface?!$)0!.8;-:#!9.(!8-B.(!9.!4#/.!9.!&)0:.8&#/?!#!offshore!$)0!9.4#L)!9.(!
8-B.(! 4#/.! 9.! &)0:.8&#/E! F/&#! 2)0:#9)! $)0! -8&.0;#(#;-)8./! 9.! 8-B.(./! 9.! ('&-&#/!
:#00)8./510-/@;.#/! ;)8! 4-);(#/&)/?! 8-B.(./! 9.! ;#(;#0.8-&#/! ;)8! $.='.M)/! )/&0.-9)/?!
1#/&.0<$)9)/!3!4-);(#/&)/?!4#8;)/!:D&0-;)/!9.!#0.8-/;#/!:-;@;.#/!#8#0#8L#9#/!9.!10#8)!
2-8)5:.9-)! ;)8! ./&0#&-2-;#;-<8! ;0'>#9#?! #0.8-/;#/! ;#(;@0.#/! ;)8! 10#8! ;#8&-9#9! 9.!






4-)8(?/&-8#/! <.! 10#;)! :.<-)! #(! &.8@)A! B/&#<-)! CD! #:4-.;&.! <.! $(#&#2)0:#! #4-.0&#>!
2)0:#<#!$)0!:#01)8#(-9#/!;)<'()/#/!8);!1(#'8);-&#!3!0./&)/!E.1.&#(./>!:#01#/!)/8'0#/!
8);! 2-;#/! $#/#<#/! <.! #0.;-/8#! <.! 10#;)! :'3! 2-;)! 3! 8#(-9#/! :#01)/#/! 3! :#01#/! 8);!
)04-&)(-;#/>! 40#F'-=$)<)/>! )/&0.-<)/! .;! $)/-8-=;! <.! E-<#! 4-.;! #-/(#<)/! )! 2)0:#;<)!
4#;8)/! :);)./$.8%2-8)/! <.! Exogyra latissima! 3G)! Plicatula placunea>! #::);-&./! 3!
4.(.:;-&./A!B/&)/!<.$=/-&)/!/.!()8#(-9#;!/)()!.;!.(!/.8&)0!8.;&0#(!3!)0-.;&#(!<.(!?0.#!<.!
./&'<-)!3!10#<#;! (#&.0#(:.;&.!@#8-#!.(! /.8&)0!)88-<.;&#(! H?0.#!<.!,#!I()0-<#D!#!8#(-9#/!
8);! 0'<-/&#/! 3! 8)0#(./! <.! $(#&#2)0:#! /):.0#A! B/&#<-)! 7! #:4-.;&.! <.! $(#&#2)0:#!
8#04);#&#<#! -;&.0;#! #! lagoonA! B/&?! 2)0:#<)!$0-;8-$#(:.;&.! $)0! #(&.0;#;8-#! <.! 4#;8)/!
:J&0-8)/! <.! 8#(-9#/!wackestone-packstone! 8);!:-(-=(-<)/>! )04-&)(-;#/>! 1#/&.0=$)<)/! 3!
0'<-/&#/>!3!$)0!$#F'.&./!<.8-:J&0-8)/!#!:J&0-8)/!<.!8#(-9#!:-80%&-8#!8);!B. irregularis5L. 
aggregatum! 2)0:#;<)!:#/#/! -00.1'(#0./! )! lumpsA!B;! /'! 8);K';&)>! ./&.! L(&-:)!./&#<-)!
$0./.;&#! ';! 80.8-:-.;&)! $0)10#<#8-);#(! .;! (#! 4#/.>! /.1'-<)! <.! ';#! 0?$-<#! #10#<#8-=;!
@#8-#!.(!&.8@)A!M'/!./$./)0./!E#0%#;!.;&0.!6N!:!.;!(#/!9);#/!:?/!)88-<.;&#(./!H/.88-=;!




B/&#! /.8'.;8-#! 0.$0./.;&#! <.! ;'.E)! )&0)! 8-8()! &0#;/10./-E)50.10./-E)A! V/%! .(!
./&#<-)! P! :#08#0%#! (#! -;';<#8-=;! 0?$-<#! <.(! :.<-)! 3! 8):-.;9)! <.! (#! &0#;/10./-=;!




.;! ';!:.<-)! <.!offshore! $)0! <.4#K)! <.(! ;-E.(! 4#/.! <.! &)0:.;&#/! F'.! 0.$0./.;&#0%#! (#!
:?W-:#!-;';<#8-=;A!,)/!./&#<-)/!*>!C!3!7!0.$0./.;&#0%#;!(#!$#0&.!0.10./-E#!<.(!8-8()!8);!
-:$(#;&#8-=;!10#<'#(!<.!';!;'.E)!/-/&.:#!<.!$(#&#2)0:#!8#04);#&#<#A>!<./#00)((?;<)/.!
$0-:.0)! #:4-.;&./!<.!$(#&#2)0:#!#4-.0&#! /.1'-<)!<.! #:4-.;&./!<.!$(#&#2)0:#! /):.0#A!
I-;#(:.;&.>! .(! <.$=/-&)! &#;&)! <.! (#/! 40.8@#/! -;&0#2)0:#8-);#(./>! 8):)! <.! ()/! (-:)/5
#0.;#/!2-;#/!8);!#4';<#;&./!0./&)/!E.1.&#(./!#!&.8@)!<.!./&.!.$-/)<-)>!./&?!0.(#8-);#<)!
8);!';#!;'.E#!2#/.!<.!8#%<#!0.(#&-E#!<.(!;-E.(!<.(!:#0!8);!.W$)/-8-=;!/'4#J0.#!#(!:.;)/!
#! ;-E.(! ()8#(A! ,)/! 8#:4-)/! .'/&?&-8)/! )8'00-<)/! <'0#;&.! .(! V$&-.;/.! X;2.0-)0!







Secuencia Deposicional 4 (SD4) 
!
Litoestratigrafía 




Límites de secuencia 
M(!(%J-&.!-F2.0-)0!:,S*C!/.!D#0#D&.0-T#!$)0!.(!F-E.(!9.!40.DP#/!-F&0#2)0J#D-)F#(./!
:/.DD-)F./!9.!0%)!;#F/#!3!NG4#1)C>!$)0!(#!/'$.02-D-.!.0)/-E#!3!9.!0.J)D-IF!9.!0.10./-IF!




D)F! 0#/1)/! J-D0)/DI$-D)/! 9.! 9-/)('D-IF>! V'.! /.! -F&0.$0.&#F! D)J)! 9.! .K$)/-D-IF!
/'4#L0.#>!/)40.!(#!V'.!/.!9.$)/-&#!'F#!'F-9#9!J-K&#!9.!&0#F/-D-IF!#!9.$I/-&)/!9.(&#-D)/=!
MF!.(!G0.#!9.(!/-FD(-F#(!9.!S#F&-((#F#!.(!(%J-&.!9.!/.D'.FD-#!,SU!./!F.&)!3!/.!D#0#D&.0-T#!
$)0! 9./#00)(()! 9.! #0D-((#/! E.09.50)<#/! D)F! 0#/1)/! .9G2-D)/! /)40.! D#(-T#/! 9.! 0'9-/&#/>!





"'DP%#C=! MF! #J4)/! D#/)/! .(! (%J-&.! 9.! /.D'.FD-#! /.! -F&.0$0.&#! D)J)! /'$.02-D-./! 9.!
.K$)/-D-IF!/'4#L0.#=!!
!
Evolución vertical de facies y ambientes sedimentarios  
MF!./&#! /.D'.FD-#! /.!P#F! 0.D)F)D-9)!9)/!./&#9-)/!.E)('&-E)/=!M(! ./&#9-)!W!./&G!
D)F/&-&'-9)! $0-FD-$#(J.F&.! $)0! #(&.0F#D-#/! 9.! 4#FD)/!JL&0-D)/! 9.! D#(-T#/!grainstone! 3!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$%&'()!*+!,-&)./&0#&-10#2%#!3!4-)./&0#&-10#2%#!
5!667!5!
wackestone-packstone! 8)9!:-(-;(-<)/=! )04-&)(-9#/=! 1#/&.0;$)<)/=! 8)0#(./! 0#:)/)/! 3! .9!
:.9)0!:.<-<#!0'<-/&#/=!3!$)0!$#>'.&./!<.8-:?&0-8)/!#!:?&0-8)/!<.!8#(-@#!:-80%&-8#!8)9!
B. irregularis5L. aggregatum! 2)0:#9<)! :#/#/! -00.1'(#0./! &0):4)(%&-8#/=! )98)-<./! 3!
lumpsA!B(!$#/)!#(!./&#<-)!6!./&C!:#08#<)!$)0!'9#!/'$.02-8-.!<.!4-)&'04#8-;9!8'4-.0&#!<.!
'9! 9-D.(! <.8-:?&0-8)! #! :?&0-8)! <.! :#01#/! 3! :#01)8#(-@#/! 9)<'()/#/! 4-)&'04#<#/A! B(!
./&#<-)! 6! ! ./&C! 2)0:#<)! $0-98-$#(:.9&.! $)0! '9#! /'8./-;9! <.! 4#98)/! ./&0#&-2-8#<)/=!
8)9/&-&'-<)/!$)0!(-:)/!8#04)9)/)/=!:#01#/!3!8#(-@#/!9)<'()/#/!8)9!)04-&)(-9#/=!./$)9E#/!
3! 8)0#(./! :#/-D)/! 3! &#4'(#0./=! >'.! #(&.09#9! 8)9! 8#(-@#/! grainstone! 3! packstone-




8'H#A! ,)/! :.9)0./! ./$./)0./! IJJ! :K! #$#0.8.9! .9! .(! C0.#! :C/! )88-<.9&#(=! <)9<.! (#!
/.8'.98-#! ./&C! 8)9/&-&'-<#! $0-98-$#(:.9&.! $)0! 8#(-@#/! $#8L/&)9.5M#8L./&)9.! 8)9!
:-(-;(-<)/=! )04-&)(-9#/=! 1#/&.0;$)<)/! 3! 0'<-/&#/=! 8)9! 2-9#/! -9&.08#(#8-)9./! <.! 9-D.(./!
:#01)/)/!8)9!)04-&)(-9#/!3!20#1:.9&)/!<.!8#04;9!I/.88-;9!<.!0%)!N#9/#KA!O#8-#!@)9#/!
:C/! )0-.9&#(./=! .(! ./$./)0! <.! (#! /.8'.98-#! #':.9&#! $0)10./-D#:.9&.! #(8#9@#9<)!P#/&#!
QRS!:!I/.88-;9!<.!T'/&0-1'#<)K!3!QQU!:!I/-98(-9#(!<.!V#9&-((#9#KA!B9!./&#/!@)9#/!/.!P#9!
<-2.0.98-#<)! 8'#&0)! &-$)/! <.! 2#8-./=! >'.! /.! /'8.<.9! 2)0:#9<)! /.8'.98-#/!:.9)0./! <.!
$0)2'9<-@#8-;95/):.0-@#8-;9+! -K! (-:)/! 3! #0.9#/! <.! 10#9)! 2-9)! 8)9! #4'9<#9&./!







UJ!:!.9! (#! /.88-;9!<.! (#! 8#9&.0#!<.!"'8P%#=! 2)0:#<)/!$)0! 8#(-@#/!:#/-D#/!8)9!:#/#/!
&0):4)(%&-8#/!3!)98)-<./!<.!!B. irregularis5L. aggregatum=!3!/)()!S5X!:!<.!$)&.98-#!.9!







8/&#! /.9'.:9-#! ;.$)/-9-):#(! /.! )0-1-:<! .:! ':! #=4-.:&.! ;.! $(#&#2)0=#!
9#04):#&#;#! /)=.0#! 9):! >#0-#9-<:! ;.! #=4-.:&./! ;./;.! $(#&#2)0=#! -:&.0:#?! $(#&#2)0=#!
=.;-#!$)9)!$0)2':;#!3!$(#&#2)0=#!.@&.0:#A!!
8(! $0-=.0! ./&#;-)! ;.! (#! /.9'.:9-#! ;.$)/-9-):#(! BCD! 0.$0./.:&#! ':! 9#=4-)!
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Shallow burial meteoric cement 
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Facies association 1 (FA 1): wave- and tide-influenced estuarine-delta bay 
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Facies association 2 (FA 2): Delta front distributary mouth-bars  
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Facies Association 3 (FA 3): Interdistributary bay 
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En este capítulo final se destacan los resultados más relevantes aportados por 
esta Tesis Doctoral en los capítulos de tectónica, litoestratigrafía y bioestratigrafía, así 




Los datos e interpretaciones aportados en este estudio han incrementado el 
conocimiento de la estructura de la Cuenca Nor-Cantábrica en los siguientes puntos:   
 
1) La estructura de los sectores estudiados de la Banda del Nansa y del Bloque 
Costero de Santander se ha descrito en planta y en diversos cortes geológicos. La 
Banda del Nansa constituye un imbricado alpino de pliegues de propagación de 
falla E-O y vergencia sur que se atenúa hacia el este por disminución del 
gradiente de acortamiento. La estructura del Bloque Costero de Santander está 
configurada por fallas normales e inversas con orientaciones variables N060, 
N017 y N097, pliegues asociados y alineaciones de diapiros que en conjunto 
definen una distribución poco simétrica. 
2) Las anteriores diferencias se explican mecánicamente considerando que la 
Banda del Nansa representa el estilo de deformación del basamento donde la 
geometría de las fallas causativas es heredada de los cabalgamientos variscos y 
la cobertera delgada mesozoica se adapta pasivamente. En contraste, la 
estructura del Bloque Costero de Santander representa un estilo de deformación 
de cobertera muy segmentado, parcialmente desvinculado del basamento por el 
horizonte dúctil del Keuper.  
3) Se han identificado las principales estructuras extensionales que producen 
cambios de espesor en los sedimentos del Aptiense-Albiense Inferior. En la 
Banda del Nansa (área de La Florida) la restitución de las capas de la Fm. 
Reocín a su estado pre-alpino permite concluir que existe una flexión del 
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basamento hacia N117 en el bloque inferior de la falla de Bustriguado, que es la 
falla principal que separa la Banda del Nansa y el Bloque Costero de Santander. 
En el Bloque Costero de Santander la forma de la cuenca extensional se ha 
reconstruido mediante el contorneo del relleno sinextensivo usando como 
discontinuidades las fallas reconocidas en el mapa y en los cortes geológicos, 
para concluir que existen dos subcuencas individuales (Treceño y Santander), 
separadas por un alto transverso NNO-SSE (Reocín) situado en la zona de 
solape de los segmentos de falla. La subsidencia dentro de estas subcuencas 
refleja la variación del desplazamiento de las fallas a lo largo de su dirección, la 
transferencia del desplazamiento a otras fallas y en gran medida también la 
movilidad de la sal del Keuper. 
4) Finalmente se ha elaborado un modelo extensional para explicar la forma en 
planta de este sector de la cuenca Nor-Cantábrica. Así, la extensión dentro del 
Bloque Costero de Santander ocurre en los bloques de fallas N060 con relevos 
en escalera destrales a 30º respecto a los límites externos del basamento 
orientados E-O, lo que es característico de zonas de rift de baja oblicuidad. Con 
este patrón, la dirección de extensión más propicia es N330 pero existe un rango 
de variación compatible de unos 45º hacia el norte.  
 
 
5.2.- LITOESTRATIGRAFÍA Y BIOESTRATIGRAFÍA 
 
1) Se han levantado 15 columnas estratigráficas a lo largo de los tres sectores de 
estudio (áreas de La Florida, sinclinal de Santillana y Cuchía), que en conjunto 
acumulan más de 3.100 metros de serie estratigráfica medida. Estas secciones 
han servido de base para caracterizar los tipos de facies y sus cambios laterales, 
con especial atención en la geometría de los depósitos, litología, textura, 
contenido fósil y presencia de estructuras sedimentarias. Constituyen también 
la base para el reconocimiento de las secuencias deposicionales y ayudan a 
establecer la geometría de la cuenca extensiva y los rasgos paleogeográficos 
principales.  
2) Con respecto a la litoestratigrafía, se ha erigido un armazón más preciso que el 
existente, mejorando la caracterización de las unidades incluyendo las series 
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tipo (estratotipo e hipoestratotipo) y proponiendo la definición de una nueva 
unidad estratigráfica, la Formación Rábago, de edad Aptiense Inferior 
(Bedouliense inferior), en las áreas de La Florida y del sinclinal de Santillana.  
 
3) Como resultado bioestratigráfico, este trabajo aporta nuevas dataciones en base 
a ammonites, foraminíferos planctónicos y bentónicos, nanofósiles calcáreos y 
palinomorfos. Mediante datos bioestratigráficos y litoestratigráficos se ha 
podido determinar la existencia de una laguna estratigráfica que abarca al 
menos la parte alta del Aptiense Inferior y la base del Aptiense Superior en el 
área de La Florida, de lagunas estratigráficas que abarcan la parte más basal del 
Aptiense (Fm. Rábago) y gran parte del Albiense Inferior y Medio en el área de 
Cuchía (Fm. Las Peñosas), y se ha afinado la edad de varias unidades en el área 
de Cuchía y La Florida (ej. Fm. Patrocinio).  
 
4) Las facies reconocidas en las secciones estratigráficas del Aptiense y Albiense 




a. Plataforma mixta terrígeno-carbonatada (Fm. Rábago, Aptiense Inferior, 
Bedouliense inferior, parte baja de la Zona D. oglanlensis): presenta 
facies siliciclásticas someras de plataforma submareal a intermareal; 
facies de plataforma abierta mixta terrígeno-carbonatada con orbitolinas 
y facies de plataforma carbonatada interna somera restringida, de corales, 
rudistas y miliólidos.  
b. Rampa interna-media energética con bajíos o shoals (Fm. Umbrera, 
Aptiense Inferior, Bedouliense inferior, parte alta de la Zona D. 
oglanlensis): presenta facies energéticas de calcarenitas grainstone-
packstone oolítico-bioclásticas con estratificación cruzada, interpretadas 
como bajíos o shoals de rampa interna-media. 
c. Cuenca marina abierta, prodelta y frente deltaico (Fm. Patrocinio, 
Aptiense Inferior, Bedouliense inferior, Zona D. forbesi): presenta lutitas 
margosas oscuras de ambiente de cuenca y facies heterolíticas de lutitas 
y areniscas de prodelta a frente deltaico. 
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d. Plataforma carbonatada somera (Fm. San Esteban, Aptiense Inferior, 
Bedouliense superior, zonas D. deshayesi y D. furcata): compuesta 
principalmente por alternancia de bancos de margocalizas con 
orbitolinas, calizas con miliólidos y calizas con requiénidos, corales y L. 
aggregatum-B. irregularis. 
e. Plataforma carbonatada externa-media y plataforma siliciclástica (Fm. 
Rodezas, Gargasiense inferior, parte baja del Aptiense Superior): 
formada por calizas margosas con corales; packstone con bioclastos y 
orbitolinas; lutitas, limos y areniscas de offshore y shoreface; y calizas 
margosas con braquiópodos y ostreidos (aislados o formando bancos 
monoespecíficos de Exogyra latissima o Plicatula placunea).  
!" Plataforma carbonara somera interna a externa (Fm. Reocín, Aptiense 
Superior–parte basal del Albiense Inferior): formada por alternancia de 
bancos de caliza rica en foraminíferos bentónicos y rudistas y bancos de 
caliza micrítica con B. irregularis-L. aggregatum, que lateralmente 
gradan a margas y calizas nodulosas con orbitolinas, esponjas y corales, 
y calizas grainstone y packstone bioclásticas.#
g. Sistema deltaico-estuarino (Fm. Las Peñosas, Albiense Inferior): 
constituida por facies mixta terrígeno-carbonatada de relleno de 
bahía/lagoon influenciado por marea y oleaje, de llanura deltaica y 
relleno de canal, de relleno de bahía interdistributaria y de frente deltaico 
con barras distributarias.  
 
5) Se han identificado 5 secuencias de depósito transgresivas-regresivas (T-R) 
principales limitadas por discontinuidades. Estas secuencias son: 1) SD1, 
Bedouliense basal. Comprende la Fm. Rábago. No tiene representación en el 
área de Cuchía (por laguna estratigráfica). Límite inferior: superficie de 
transgresión rápida sobre materiales continentales del Cretácico inferior (facies 
Weald) o del Triásico (facies Buntsandstein). Límite superior: superficie de 
truncamiento erosivo (área del sinclinal de Santillana) y superficie de exposición 
subaérea (área de la Florida); 2) SD2, Bedouliense inferior-superior. Comprende 
a las Fms. Umbrera, Patrocinio y San Esteban. Límite inferior: erosión y 
transgresión rápida sobre materiales continentales del Cretácico inferior (facies 
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Weald; área de Cuchía), superficie de exposición subaérea (área de la Florida) y 
truncamiento erosivo (área del sinclinal de Santillana). Límite superior: diastema 
(área del sinclinal de Santillana), superficie de exposición subaérea (área de 
Cuchía) y laguna estratigráfica a techo de la Fm. Patrocinio (área de La Florida); 
3) SD3, Gargasiense inferior. Comprende a la Fm. Rodezas y parte inferior de la 
Fm. Reocín. Límite superior: exposición subaérea y posterior retrabajamiento 
erosivo durante la siguiente transgresión marina (área de La Florida), superficie 
erosiva y de regresión forzada (área Suances-Cuchía) y máximo regresivo de 
facies (área del sinclinal de Santillana; 4) SD4, Gargasiense–base del Albiense 
Inferior. Comprende la parte superior de la Fm. Reocín. Límite superior: 
superficie de exposición subaérea a techo de la Fm. Reocín; 5) SD5, Albiense 
Inferior. Comprende la Fm. Las Peñosas. No tiene representación en el área de 
Cuchía (por laguna estratigráfica). Se interpreta esta secuencia como el relleno 
transgresivo de valles incisos de escala kilométrica controlados por tectónica. 
Límite superior: nivel transgresivo bioturbado y noduloso, con bivalvos 
megalodontos, sobre el cual se recupera la sedimentación carbonatada de la 
Formación Barcenaciones del Albiense Superior en todas las zonas de estudio. 
El origen de estas secuencias se atribuye a la acción conjunta de la actividad 
local sinsedimentaria de las fallas distensivas, junto a los cambios eustáticos y 
paleoambientales que tuvieron lugar durante el Aptiense-Albiense Inferior. 
 
6) Como resultado del análisis quimioestratigráfico (į13C, į18O, TOC, CaCO3) de 
alta resolución realizado sobre las margas de la Fm. Patrocinio se han 
identificado sendas excursiones en la relación isotópica de 13C/12C del carbono 
tanto orgánico como inorgánico del sedimento, y que se relacionan con el evento 
anóxico OAE 1a. Estas conclusiones serán tratadas con mayor detalle en el 
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5.3.- ARTÍCULOS CIENTÍFICOS 
 
Las conclusiones principales de los artículos científicos que se aportan en esta 
Tesis son las siguientes: 
 
Major palaeoenvironmental perturbation in an Early Aptian carbonate 
platform: prelude of the Oceanic Anoxic Event 1a? 
 
1) Este trabajo muestra el impacto regional y los efectos que tuvo el Evento Anóxico 
Oceánico del Aptiense Inferior (OAE 1a) en carbonatos de plataforma de aguas 
someras depositados durante el Aptiense Inferior en la cuenca Nor-Cantábrica, a 
partir de un análisis sedimentológico, diagenético y quimioestratigráfico de dichos 
depósitos carbonatados. 
2) Para el Aptiense Inferior del área de estudio se han reconocido cuatro estadios 
evolutivos de producción carbonatada: 1) plataforma mixta terrígeno-carbonatada a 
plataforma carbonatada con corales y rudistas, que culmina con exposición 
subaérea (Fm. Rábago), 2) plataforma transgresiva calcarenítica con bioclástos 
(grandes foraminíferos aglutinantes, briozoos, equinodermos, algas rojas, ostreidos, 
bivalvos, gasterópodos) y oolitos ferruginosos (Fm. Umbrera), 3) margas y lutitas 
margosas oscuras que culminan con arenas (Fm. Patrocinio), y 4) calizas de 
plataforma somera con rudistas y corales (Fm. San Esteban) que culminan con 
exposición subaérea. El estadio 3 corresponde con la expresión local del Evento 
Anóxico Oceánico del Aptiense Inferior (OAE1a). 
3) Los estadios carbonatados que preceden el OAE1a, muestran un cambio 
composicional de comunidades fotozoan (estadio 1) a heterozoan (estadio 2). Estos 
dos estadios de producción carbonatada están separados por una discontinuidad. 
Esta discontinuidad presenta evidencias de erosión, disolución kárstica y diagénesis 
meteórica. Sobre ella se generó, en un ambiente submarino, una costra marina 
ferruginosa con incrustación de serpúlidos y foraminíferos aglutinantes 
(nubeculáridos) durante el siguiente episodio transgresivo. 
4)  Los cambios composicionales en la fábrica de carbonato estuvieron acompañados 
de una mayor actividad tectónica junto con una aceleración del ciclo 
hidrogeológico, lo que favoreció el aporte de partículas terrígenas desde zonas 
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emergidas y un incremento del aporte de agua dulce y de nutrientes a la plataforma, 
causando el cambio de condiciones oligotróficas a mesotróficas. 
5) La acción conjunta del incremento en el aporte de agua dulce, eutrofización de las 
aguas por el aumento en el aporte de nutrientes, la actividad tectónica, y la subida 
del nivel del mar, debieron producir la desestabilización en el ambiente marino y el 
cambio a factorías de producción de carbonatos menos efectivas (comunidades 
heterozoan) justo antes del OAE1a.  
6) Finalmente, la integración de los análisis sedimentológicos, diagenéticos y 
quimioestratigráficos ha resultado ser de gran utilidad a la hora de identificar y 
caracterizar las perturbaciones paleoclimáticas globales en ambientes de plataforma 
carbonatada somera.  
 
 
High-resolution chemo- and biostratigraphic records of the Early Aptian 
Oceanic Anoxic Event in Cantabria (N Spain): Palaeoceanographic and 
palaeoclimatic implications 
 
1) Este estudio presenta nuevos registros quimioestratigráficos (G13C, TOC, CaCO3) y 
bioestratigráficos (ammonites, foraminíferos plantónicos, nanofósiles calcáreos, 
palinomorfos) de dos secciones del Aptiense Inferior (La Florida y Cuchía) de la 
cuenca Nor-Cantábrica, habiéndose identificado en ambas secciones la señal del 
Evento Anóxico Oceánico del Aptiense Inferior (OAE1a o evento Selli). Este 
evento se caracterizó en el área de estudio por el cese de la sedimentación 
carbonatada de plataforma somera y el depósito de unos 40 m de espesor de una 
unidad margosa relativamente rica en materia orgánica (Formación Patrocinio). 
2) El estudio quimioestratigráfico de isótopos de carbono, tanto en la fracción de 
carbonato como de materia orgánica (G13Ccar, G13Corg) de la Fm. Patrocinio en las 
áreas de La Florida y Cuchía, ha revelado que esta unidad margosa registra una 
excursión negativa del G13C en ambos reservorios de C, tal y como ha sido 
observado en otras cuencas durante el Aptiense Inferior al inicio del OAE 1a, justo 
precediendo al nivel Selli. Esta anomalía negativa se atribuye al segmento C3 de la 
curva de referencia del isótopo de C durante el Aptiense. 
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3) Estos datos quimioestratigráficos han sido calibrados con nuevos datos 
bioestratigráficos basados en biozonas de ammonites, nanofósiles calcáreos y 
foraminíferos planctónicos. La combinación de estas biozonas acota la edad del 
segmento C3 del OAE 1a en el área de estudio a la parte media-alta de la zona 
Deshayesites forbesi (antes denominada D. weissi) de ammonites, la parte alta de la 
zona Blowiella blowi de foraminíferos planctónicos, y la parte alta de la zona 
Hayesites irregularis de nanofósiles calcáreos.  
4) A partir del registro de nanofósiles calcáreos se ha identificado una laguna 
estratigráfica en el área de La Florida, que afecta a los segmentos C4–C7 de la 
curva isotópica de referencia. Estos segmentos C4–C7 si han sido identificados en 
la curva de isótopos de C obtenida para el área de Cuchía. Además, se ha 
identificado otra excursión negativa del į13Ccarb y į13Corg  que postdata la primera 
aparición de Eprolithus floralis, lo que es equivalente a la zona Dufrenoyia furcata 
de ammonites. Esta nueva anomalía en la curva del isótopos de C, que equivaldría 
al pre-Nivel Noir definido en Francia o al evento Aparein de otras secciones de la 
cuenca Vascocantábrica (según Millán et al. 2009), se correlaciona aquí con el 
depósito de margas con glauconita y black shales, mientras que en otras parte de la 
cuenca y en el norte del Tetis (Nivel Noir) justo precede el depósito de black 
shales. Este patrón se asemeja a la excursión negativa del isótopo de C al comienzo 
del OAE 1a, antes del nivel Selli. 
5) El análisis cuantitativo de nanofósiles muestra la escasez de nanocoides de canal 
estrecho coincidiendo con la excursión negativa de la Formación Patrocinio. Esto 
corrobora la interpretación de una crisis contemporánea de biocalcificación 
relacionada con los cambios de CO2 inducidos en el quimismo del océano en los 
estadios que preceden el pico del OAE 1a. 
6) El análisis de palinomorfos ha permitido identificar un máximo térmico, seguido 
de un enfriamiento en los ecosistemas terrestres. Así, se ha identificado un 
máximo de Classopollis (polen procedente de árboles de la familia 
Cheirolepidiaceae, que se asocia a climas más calurosos) durante el OAE 1a, al 
cual le sigue un descenso de Classopollis y un incremento de polen bisacado 
después del evento. Las condiciones más frías justo antes y después del OAE 
deducidas por el contenido polínico pudieron deberse a un efecto invernadero 
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reverso, producido por la disminución de CO2 debido al enterramiento masivo de 
materia orgánica en las cuencas oceánicas durante el OAE 1a.  
 
 
Unusual concentration of Early Albian arthropod-bearing amber in the 
Basque-Cantabrian Basin (El Soplao, Cantabria, Northern Spain): 
Palaeoenvironmental and palaeobiological implications 
 
1) Este trabajo presenta un estudio paleoambiental y paleobotánico preliminar del 
yacimiento de ámbar de El Soplao, de edad Albiense Inferior. 
2) El yacimiento se incluye en una unidad siliciclástica de ambiente continental a 
marino-transicional (Formación Las Peñosas), que está intercalada en una sucesión 
de depósitos marinos, principalmente carbonatados, de edad Aptiense Inferior-
Albiense Superior. La Formación Las Peñosas internamente se subdivide en dos 
ciclos regresivos-transgresivos de bajo rango. Los depósitos ricos en ámbar y 
carbones se depositaron en ambientes deltaico-estuarinos desarrollados durante los 
episodios de máxima regresión e inicio de la transgresión, de los ciclos regresivo-
transgresivo menores. El estudio sedimentológico de esta unidad indica que el 
yacimiento de ámbar constituye parte del relleno de una bahía interdistributaria que 
lateralmente se asocia con canales fluvio-deltaicos meandriformes. Los niveles 
ricos en ámbar también presentan abundantes fragmentos de carbón, madera, y 
hojas con excelente preservación de sus texturas vegetales. Estos niveles aparecen 
tanto en lutitas oscuras, laminadas, con abundante materia orgánica, como en 
niveles discontinuos de areniscas y limos masivos o laminados con fragmentos de 
madera. Estos depósitos también contienen conchas de moluscos marinos y/o de 
agua salobre, lo que sugiere un ambiente de depósito litoral o de marisma costera. 
De esta manera, los sedimentos ricos en ámbar se depositaron en un ambiente 
costero de bahía interdistributaria de baja energía, conectado con el mar y afectado 
ocasionalmente por condiciones energéticas mayores. Las inundaciones producidas 
durante tormentas tropicales pudieron erosionar y arrastrar el ámbar y los restos de 
plantas desde los bosques que bordeaban la costa, siendo transportados por flujos 
de densidad, que llevaban además arcilla y arenas, hacia la costa y bahías 
interdistributarias, donde se acumularon y enterraron rápidamente. La mayoría de 
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las masas de ámbar muestran su forma original subredondeada o de estalactita, lo 
que sugiere una baja erosión durante el transporte.  
3) El yacimiento de El Soplao, muy probablemente se originó durante un periodo de 
abundante producción de resina en los paleo-bosques, posiblemente coincidiendo 
con un episodio de clima más cálido. Los niveles asociados con el ámbar presentan 
abundantes cutículas de plantas perfectamente preservadas, asignadas 
principalmente a los géneros de coníferas Frenelopsis y Arctopitys (citado como 
Mirovia en este artículo pero renombrado con posterioridad) y en menor proporción 
hojas de ginkgoales de los géneros de Nehvizdya y Pseudotorellia. 
4) El ámbar de El Soplao está caracterizado por la profusión de piezas de ámbar 
subaéreas de flujos tipo estalactítico o chorreadura. 
5) Las bioinclusiones están representadas principalmente por insectos fósiles de los 
órdenes Blattaria, Hemiptera, Thysanoptera, Raphidioptera, Neuroptera, 
Coleoptera, Hymenoptera y Diptera. 
6) Algunos de los insectos encontrados pertenecen a grupos con una escasa 
representación en el registro fósil, tales como un nuevo morfotipo de la avispa 
Archaeromma (de la familia Mymarommatidae) y el pequeño jején 
Lebanoculicoides (de la subfamilia monogenérica Lebanoculicoidinae).  
7) El espectro FTIR del ámbar de El Soplao es muy similar al que muestra el ámbar de 
otros yacimientos del Cretácico de España. 
 
Review of the El Soplao amber outcrop, Early Cretaceous of Cantabria, 
Spain. 
 
1) Los datos más relevantes que se aportan en este artículo corresponden a los estudios 
biogeoquímico, palinológico, tafonómico y de bioinclusiones de artrópodos del 
ámbar de El Soplao, los cuales complementan los trabajos previamente publicados. 
2) Los datos biogeoquímicos presentados en este trabajo sugieren la presencia de al 
menos dos orígenes o fuentes botánicas distintas para el ámbar de El Soplao. El 
primero (ámbar tipo A), tendría un origen relacionado con la familia 
Cheirolepidiaceae, mientras que el segundo (ámbar tipo B) no muestra 
biomarcadores específicos de coníferas. El estudio comparativo de la composición 
molecular del ámbar tipo A con hojas de Frenelopsis (Cheirolepidiaceae) indica 
una gran afinidad bioquímica entre ambos, sugiriendo un origen botánico común. 
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3) El estudio palinológico de los depósitos del yacimiento revela una alta diversidad 
taxonómica regional, principalmente de esporas de pteridofitas y granos de polen de 
gimnospermas. Así, los datos palinológicos aportados sugieren que la región estuvo 
habitada por bosques de coníferas adaptados a estaciones secas en un clima 
subtropical. 
4) Los nuevos datos de las inclusiones biológicas del ámbar de El Soplao muestran 
una alta diversidad de la entomofauna, principalmente representada por los órdenes 
dipteráno y himenopteráno, con la presencia de grupos muy especializados como 
los crisópidos o gorgojos, lo cual puede ayudar a una mejor compresión en el inicio 
de la evolución de algunos grupos de insectos. 
5) La presencia de restos vegetales carbonizados (charcoal), piezas de ámbar dañadas 
por fuego y fibras de plantas carbonizadas encontradas en el interior del ámbar, 
sugieren que el origen del ámbar de El Soplao pudo estar asociado por grandes 
paleo-incendios. 
6) Los nuevos de datos aportados en este trabajo junto con los resultados previamente 
publicados sugieren el siguiente escenario como origen del yacimiento de ámbar de 
El Soplao: la resina fue exudada por coníferas (posiblemente por dos tipos de 
coníferas, incluyendo las de la familia Cheirolepidiaceae), en bosques cercanos a 
ambientes deltaicos. Estos bosques de coníferas estaban ampliamente extendidos en 
la región, presentando pteridofitas, cicadáceas y Bennettitales; las charcas y áreas 
pantanosas estaban ocupadas por criptógamas vasculares y angiospermas 
primitivas, las cuales podían habitar en hábitats acuáticos. Una gran diversidad de 
insectos, representados principalmente por dípteros e himenópteros, se desarrolló 
alrededor de las plantas coníferas, siendo atrapados en su resina. Los coleópteros, 
que probablemente vivieron debajo de la corteza o en contacto con la madera de las 
coníferas, fueron también incluidos en la resina. El desarrollo de grandes incendios 
en los bosques pudo fomentar la producción de resina, así como favorecer la intensa 
erosión del lecho del bosque parcialmente quemado. La resina, hojas, madera y 
plantas quemadas fueron transportados como flujos de derrubios por los cursos de 
agua y fueron acumulados junto con moluscos de agua marina o salobre en lagunas 
y canales de marea restringidos con escasa circulación y condiciones anóxicas en el 
fondo. Las coníferas Frenelopsis, potencial fuente de la resina, tal y como sugieren 
los análisis biogeoquímicos, crecieron cerca del área de depósito, donde se 
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depositaron ramas articuladas (depósito parautóctono). Las piezas de resina difieren 
en su historia bioestratinómica, debido a que alguna de ellas permanecieron cierto 
tiempo expuestas a las aguas marinas someras, donde fueron colonizadas por 
serpúlidos y briozoos que crecieron en la superficie de la resina. La baja circulación 
y las condiciones anóxicas del fondo produjeron una piritización temprana en la 
concha de los moluscos marinos, así como en las plantas quemadas y en la 
superficie de las masas de ámbar, incluyendo los tubos de serpúlidos. Todo ello fue 
posteriormente enterrado por limos y arenas. Las máximas temperaturas alcanzadas 
durante la diagénesis en el yacimiento de El Soplao fueron del rango de 60-70ºC. 
Estos bajos niveles de maduración, pudieron ser los responsables de la excelente 
preservación de la composición molecular del ámbar y de sus bioinclusiones. 
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The Early Aptian Oceanic Anoxic Event (OAE 1a) was characterized by intensiﬁed greenhouse climate
conditions, widespread accumulation of organic deposits in open-marine settings, major perturbations in the
C cycle and a generalized increase in terrestrial runoff. Sedimentological, diagenetic and chemostratigraphic
analyses of Lower Aptian platform carbonates from the North Cantabrian basin (N Spain) illustrate the
regional impact and effects of those global conditions on shallow marine environments.
The studied interval outlines four stages of platform evolution. Stage 1 (earliest Bedoulian) is deﬁned by an
initial rapid marine transgression that led to deposition of shallow water oligotrophic photozoan skeletal
assemblages, and by a later interval of subaerial exposure. Stage 2 (early Bedoulian) starts with a rapid
transgression followed by deposition of grainstones that yield heterozoan assemblages, more typical of
mesotrophic conditions, along with ferruginized oolites. Stage 3 (early Bedoulian) is deﬁned by the
drowning of the carbonate platform and subsequent deposition of open-marine marls, which are thought to
represent the local expression of the OAE 1a. Finally, stage 4 shows the return of shallow water photozoan
carbonate sedimentation. The carbonate O and C stable isotope records have revealed prominent negative
excursions during deposition of the marly interval of the stage 3, which may be associated with the
important global changes that occurred at the onset of the OAE 1a. The change in skeletal assemblages that
preceded the isotopic excursions and the platform drowning documents conditions of environmental stress
caused by a combination of local and global factors. The global change, coupled with increased basin
subsidence, triggered the drowning of the platform by progressive reduction of the growth potential of the
carbonate factory.
© 2010 Elsevier B.V. All rights reserved.
1. Introduction
The Cretaceous shallow carbonate platforms of the northern
Tethys domain are typically characterized by rudist-dominated facies
with corals and green algae, which are considered as an oligotrophic,
photozoan style of carbonate production (e.g. Carannante et al., 1995;
James, 1997; Philip and Gari, 2005; Föllmi et al., 2006; Burla et al.,
2008). Their evolution is however punctuated by some stages of
dominance of heterozoan communities as well as several phases of
platform demise (e.g. Föllmi et al., 1994, 2006; Philip and Gari, 2005;
Weissert et al., 1998). One of the best known stage of platform growth
crisis occurred during the Early Aptian linked to a global oceanic
anoxic event, the so-called OAE 1a. This event was characterized by
widespread distribution of organic-rich deposits, and was associated
to extreme greenhouse conditions and signiﬁcant changes in the
ocean-climate system (Schlanger and Jenkyns, 1976; Spicer and
Corﬁeld, 1992; Jenkyns, 2003). During this time, widespread
drowning of shallow water carbonate platforms appears to have
been synchronous at a global scale, deﬁning a correlation between the
OAE 1a and these drowning incidents (e.g. Arnaud-Vanneau and
Arnaud, 1990; Hunt and Tucker, 1993; Jansa, 1993; Masse, 1993;
Scott, 1993; Föllmi et al., 1994; Lehmann et al., 1998; Ruiz-Ortiz and
Castro, 1998; Weissert et al., 1998; Bosellini et al., 1999; Wissler et al.,
2003). One indicator of the inﬂuence upon the platform carbonates
of environmental change associated to this event is the occurrence
of signiﬁcant variations in styles of carbonate production and dia-
genesis. In fact, the anoxic event is not other than the effect of a
battery of interrelated palaeoclimatic and palaeoceanographic
changes that converge at this time and whose triggering mechanisms
are still poorly understood. Under such situation of environmental
collapse, carbonate sedimentation is expected to suffer strong
modiﬁcations. One important consequence is that heterozoan
associations become dominant in the platforms (Simone and
Carannante, 1988; James, 1997). However, there are still few ref-
erences to heterozoan style of carbonate production during this
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period, and a timing correspondence between rising of heterozoan
facies and the anoxic episode has not yet been clearly established.
This study examines the effects of the OAE 1a on the style of
carbonate sedimentation and early diagenesis of a Lower Aptian
carbonate platform from northwest Cantabria, in northern Spain. The
area exhibits a well-exposed and continuous succession of Aptian
shallow water platform carbonates that include a Lower Aptian open-
marine marly unit (Patrocinio Formation). The latter is thought
to represent a short-lived episode of platform drowning and the
local expression of the OAE 1a (Wilmsen, 2005; Najarro and Rosales,
2008a,b). The carbonate platform turned from photozoan to hetero-
zoan biogenic assemblages before experiencing platform drowning. In
attempts to explain the change of carbonate production and the
drowning event, several questions arise: (I) which factors determined
the carbonate factory shutdown and the drowning of the Cantabrian
platform?, (II) to which extent all those changes could be induced or
enhanced by regional mechanisms (e.g., local tectonics) rather than
global forcings? Sedimentological, geochemical, and diagenetic data
are evaluated here in order to address those questions and to
discriminate the effects of the OAE 1a on shallow carbonate
deposition.
2. Geological setting
The studied area is located in the northwestern margin of the
Basque-Cantabrian Basin (BCB; Fig. 1). During the Cretaceous, this
part of the BCB belonged to the northern margin of the Iberian plate
and was subjected to extension. The BCB evolution and its current
structure are the result of a complex kinematics between the
European and Iberian plates (Malod and Mauffret, 1990; Olivet,
1996). After a ﬁrst extensional phase during the Permian–Triassic, a
second rifting phase linked to the opening of the Bay of Biscay and
North Atlantic ocean took place during the Late Jurassic–Early
Cretaceous (e.g. Le Pichon and Sibuet, 1971; Rat, 1988; García-Mondéjar
et al., 1996; Martín-Chivelet et al., 2002). Renewed extension and
perhaps left-lateral strike slip movement along NW–SE faults occurred
in theAptian–Cenomanian, during the last riftingphases (e.g.Malodand
Mauffret, 1990; García-Mondéjar et al., 1996; Soto et al., 2007). Due to
these tectonic events, numerous extensional basins and sub-basins
boundedbyactive synsedimentary faults developed in theNorth Iberian
plate margin (Fig. 1A).
The studied succession was deposited in one of these sub-basins,
the North Cantabrian basin (NCB; Fig. 1B). This area developed as a
Fig. 1. (A) Palaeogeography and plate tectonics setting of Iberia during the Early Cretaceous (modiﬁed fromWilmsen, 2000). (B) Palaeotectonic map during the Early Cretaceous of
the Bay of Biscay, showing the location of the North Cantabrian sub-basin (NCB) andmajor palaeotectonic features (modiﬁed fromGarcía-Mondéjar and Fernández-Mendiola, 1993).
(C) Palaeogeography of the NCB in the Lower Cretaceous (modiﬁed from Wilmsen, 2000). BCB: Basque-Cantabrian basin; CR: Cabuérniga Ridge; SCB: South Cantabrian sub-basin;
AB: Asturian basin.
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relatively small (∼20×80 km), E–W elongated sub-basin, that
behaved independently for most of the Cretaceous time (Fig. 1C).
The NCB was separated from the more strongly subsiding rest of the
BCB to the east, by a N–S extensional structure (Río Miera Flexure;
Feuillée and Rat, 1971) (Fig. 1C). To the south it was limited by the
Cabuérniga Ridge (Figs. 1C and 2), an E–W trending palaeo-high
which represents a previous Variscan tectonic structure reactivated as
extensional faults during the Mesozoic (Rat, 1988; García-Espina,
1997). To the west, the NCB was bounded by the Asturian Massif and,
to the north, by the Liencres High, an ENE–WSW trending swell now
situated mostly offshore in the Bay of Biscay (Wilmsen, 2000)
(Fig. 1C). Internally, the NCB was conﬁgured into swells and troughs
controlled by the presence of N–S and E–W oriented synsedimentary
faults and secondarily by NE–SW oriented faults (Najarro et al., 2009).
Among the principal synsedimentary faults, it is worth mentioning
the important role that played the North Cabuérniga and Bustriguado
faults (Fig. 2A), which controlled subsidence patterns during the Early
Cretaceous and determined strong local changes in sedimentary
accumulation (Fig. 2B) (Najarro et al., 2007, 2009). As shown in the
SW–NE cross-section of Fig. 2, the NCB can be divided into three main
Fig. 2. (A) Geological map of the NCB. White line A–A′–B–B′ shows the location of the stratigraphic cross-section in B. (B) Cross-section showing the restored geometry of the NCB
during the Cretaceous and the sedimentary record in the three principal areas (La Florida, Santillana and Cuchía).
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areas according to their tectonic evolution and stratigraphy, from SW
to NE: La Florida, Santillana, and Cuchía. The areas of La Florida and
Cuchía represent respectively two low-subsiding blocks. Between
them, the Santillana area formed a sedimentary trough and the main
depocentre of the NCB during the Early Cretaceous (Fig. 2).
3. Stratigraphy
The general stratigraphic and biostratigraphic frameworks of the
Aptian successions of the NCB were established by Ramírez del Pozo
(1972), Collignon et al. (1979) and Hines (1985). More recently, the
main depositional systems and sequences have been revised, estab-
lishing a new lithostratigraphic unit (Rábago Formation) and updating
the stratigraphic and biostratigraphic schemes (Figs. 3 and 4) (Najarro
and Rosales, 2008c; Najarro et al., 2009; Rosales et al., 2009). The Aptian
lithostratigraphy of the NCB is composed of six formations, named from
oldest to youngest (Fig. 3): 1) Rábago Formation (early Bedoulian,
Palorbitolina lenticularis zone), which consists of shallow platform
sandstones, orbitolinid marls and rudists limestones. 2) Umbrera
Formation (early Bedoulian, P. lenticularis zone), composed of shallow
platform cross-bedded grainstones. 3) Patrocinio Formation (mostly
early Bedoulian, Deshayesites weissi ammonite zone and middle upper
part of the Hayesites irregularis nannofossil zone; Rosales et al., 2009),
made of open-marinemarls. 4) San Esteban Formation (late Bedoulian),
characterized by shallow platform rudist-bearing limestones, with
Iraquia simplex (Pascal, 1985). 5) Rodezas Formation (latest Bedoulian–
early Gargasian, according to Collignon et al., 1979), made of shallow
marine sandstones, marly limestones and marls; and ﬁnally 6) Reocín
Formation (Gargasian–Clansayesian, Orbitolina (Mesorbitolina) texana
texana and Simplorbitolina manasi zones; Ramírez del Pozo, 1972),
composed of shallow water coral and rudist-bearing limestones.
In the La Florida area, the Aptian succession consists of an E–W
elongate lithosome, 9 km long, with wedge-shaped geometry deep-
ening and thickening eastward, on the slope of a tilted block active
during this time (Najarro et al., 2007) (Fig. 2B). In this area, the initial
Early Aptian marine transgression led to deposition of the Rábago and
Umbrera formations (Figs. 3 and 4). Continued transgression during
the early Bedoulian caused platform drowning and resulted in
deposition of the Patrocinio Formation, which completely covered
the former carbonate platform. Subsequent regression during the
Late Aptian originated the deposition of the Reocín Formation (Figs. 3
and 4). New biostratigraphic data based on calcareous nannofossils
(Rosales et al., 2009) reveal the existence of a stratigraphic gap
(paraconformity) in this area that comprises at least the late Early
Aptian (late Bedoulian). This stratigraphic gap is time-equivalent to
the San Esteban Formation, which is missed in this area (Fig. 4). In
contrast, in the Santillana area the Aptian succession is essentially
complete without major hiatuses and the lithological units show their
largest thicknesses (Fig. 3).
Finally, in the Cuchía area, the ﬁrst recorded Aptian unit is the
Umbrera Formation, which rests unconformably on continental
Wealdean facies (Fig. 3). Remarkably, the Rábago unit is missing
here (Figs. 3 and 4), probably because it was eroded before the
deposition of Umbrera Formation, or alternatively because it pinched
out in this area. Subsequent transgression produced deposition of the
marly Patrocinio Formation. The upper part of this unit shows in this
area an upward increase in the content of siliciclastic siltstones and
sandstones which resulted of a local delta progradation (Wilmsen,
2005). The siliciclastic deltaic deposits grade upwards to the San
Esteban Formation. Like in the previous area, the Late Aptian
stratigraphy is represented by the Rodezas and Reocín Formations,
except in the Suances section where these two units are absent;
indicative of a depositional and/or erosive hiatus that comprises at
least the entire Late Aptian (Fig. 3).
4. Methodology and studied sections
A total of eight laterally correlative stratigraphic sections were
measured and analyzed through the NCB for this work (Fig. 5). Six of
them belong to the La Florida area (from W to E: Río Nansa, Rábago,
Fig. 3. Lithostratigraphy of the La Florida, Santillana and Cuchía areas. P.G. is Pass Group (Weald). Chronostratigraphy after Gradstein (2004).
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El Soplao, La Florida, Corona de Arnero, and Bustriguado, Fig. 6). The
other two are considered to be representative of the Santillana and
Cuchía areas respectively: the ﬁrst one logged between the villages of
Hayuela and Canales, and the second at the Los Caballos beach near
the village of Cuchía (Fig. 2A).
When outcrop conditions were favourable, sedimentological fea-
tures andmacrofossil contentweredocumented indetail in theﬁeld and
sampling formicrofacies analysiswas conducted systematically (at least
1 sample per 2 m, often at a smaller scale). Uncovered and polished thin
sections were investigated with an optical microscope and cold
cathodoluminescence (CL), and then classiﬁedaccording tomicrofabrics
and mineral composition. Thin sections were stained with a mixture of
Alizarin Red S and potassium ferricyanide (Dickson, 1966) to aid in the
identiﬁcation of ferroan and non-ferroan phases of calcite and dolomite.
Cathodoluminescence (CL) analyses were obtained from a Technosyn
cold cathodoluminescence operator model CL8200 MK5, operating at
∼15 kVwith a current of 500–600 μA. Oxygen and carbon stable isotope
analyses were performed on limestone and marl samples throughout
two selected stratigraphic sections (Río Nansa and Rábago), whichmay
be easily correlated and combined to conform a composite complete
section. Powders for isotope analyses were retrieved by using a micro-
drill onmicrites andmarls, and avoiding diagenetic calcite and dolomite
from crack ﬁllings, replaced fossils or matrix irregularities, especially in
limestone samples. The sample material was treated with 100%
orthophosphoric acid using the conventional digestion method
(McCrea, 1950) and the δ13C and δ18O composition of the evolving
CO2 gas was analyzed in a SIRA-II doted with an “ISOCARB” automatic
systemat theUniversity of Salamanca (Spain). The results are expressed
in the common δ-notation in permil (‰) relative toVPDB-standard. The
international carbonate standard NBS-19 (National Bureau of Stan-
dards; δ13C=1.95‰ and δ18O=−2.20‰) was used to calibrate the
PDB, with an average precision of 0.01‰ for δ13C and 0.05‰ for δ18O.
5. Stages of platform evolution
During the Early Aptian, the shallowwater carbonate succession of
the NCB presents four distinctive stages of platform evolution, which
have been differentiated on the basis of facies and stratal patterns,
with special emphasis in vertical changes in facies, skeletal compo-
sition and particle associations, and correlation of particular sedi-
mentary surfaces (Figs. 5 and 6). Lithological description and
interpretation of the four stages are summarized in Table 1, which
show the following principal aspects from base to top:
5.1. Stage 1: Initial transgression and carbonate platform development
5.1.1. Description
It corresponds to the Rábago Formation. In the studied sections it
presents amaximumthicknessof12–17 m. Its basal part ispredominantly
siliciclastic or mixed carbonate–siliciclastic, whereas the upper part is
mostly carbonate alternating with some orbitolinid-rich marls (Fig. 7).
Vertical stacking patterns of facies show three main facies associations,
which from base to top are: i) siliciclastic platform, ii) mixed carbonate–
siliciclastic platform, and iii) carbonate platform (Fig. 7 and Table 1).
Siliciclastic platform facies are present at the base of Río Nansa and
Rábago sections (Fig. 7). They consist of a 5 to 7 m thick interval of
Fig. 4. Chrono-biostratigraphic scheme for the Aptian succession of the NCB. Ammonoid data based on Collignon et al. (1979), Rosales et al. (2009), andMoreno-Bedmar (pers. com.).
Benthic foraminifera data based on Ramírez del Pozo (1972), Pascal (1985), and Castro (pers. com.). Planktonic foraminifera and nannofossil data based on Rosales et al. (2009), and
de Gea (pers. com.). The OAE 1a interval is equivalent to the “Selli level” deﬁned by Menegatti et al. (1998). Chronostratigraphy after Gradstein (2004).
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interbedded, carbonaceous and laminated claystones, siltstones andﬁne-
to medium-grained micaceous sandstones, typically with lenticular and
ﬂaser bedding, and current ripples at the tops of the sandstones beds.
Mixed carbonate–siliciclastic platform faciesmainly consist of sandy
limestones with variable amount of quartz sand and other terrigenous
grains. They are organized in tabular beds 20 cm to 1 m thick (Fig. 8A),
which often showwavy lamination and occasionallywave ripples at the
bed tops. These sandy limestones are interbedded with claystones–
siltstones, packstone–grainstones, and orbitolinid-rich marls (Fig. 7).
Carbonate platform facies consist of alternations of orbitolinid-rich
marls and nodular marly limestones, grainstones, packstones,
wackestones and mudstones with corals and rudists of small size
(Figs. 7 and 8B). They are organized in planar to nodular, massive beds
ranging from 0.3 to 1 m thick. These facies are arranged in a ﬁning-
upward succession. Hence, packstone and grainstone are the most
frequent textures in the lower terms of the succession, whereas coral-
rudist wackestone and microbialite mudstone with fenestral fabrics
developed on the upper part (Fig. 7 and Table 1).
In the La Florida area, the succession culminates with a dissolution
surface displaying irregular cavities of decimetre size,ﬁssures andmacro
and micro topographic relief with corrosive surfaces and indents.
Interestingly, a thin Fe-rich crust appears in places coating the
Fig. 5. Lithostratigraphic correlation of logged sections through the NCB, showing the main units, depositional facies and lateral thickness variation.
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dissolution surface (Fig. 8D). This crust is severalmillimetres thick and is
made of very thin ﬁlms (bioﬁlms) of iron oxides with encrustations of
agglutinated foraminifera, serpulids and microborings. Above this
surface, the depressed zones of the palaeorelief and the cavities are
ﬁlled with carbonate breccias made of centimetre- to decimetre-size
sub-angular clasts of theunderlying limestone(Fig. 8E) andsmall broken
(reworked) pieces of the Fe-crust. The matrix of the breccia consists of
red-stained crinoid-rich calcarenite inﬁltrated of the overlaying stage 2.
In the Santillana area, the end of the stage 1 is recorded as an
erosive surface that truncates strata below (Fig. 9A). In the Cuchía
area, the stage 1 is not recorded.
5.1.2. Interpretation
As a whole, the stage 1 reﬂects an initial transgressive event
followed by a shallowing-upward succession with gradual upward
decrease in siliciclastic content in conjunction with increment of
carbonate production. The platform evolves from a siliciclastic or
mixed carbonate–siliciclastic platform to a restricted inner fossilif-
erous carbonate platform under low-energy and photic zone condi-
tions, and ﬁnally to peritidal facies. The dissolution surface at the top
suggests emersion with small-scale karst morphologies (kamenitzas,
as described in Di Stefano and Mindszenty, 2000) (Fig. 8C). The
presence of the marine Fe-rich crust (hardground) coating the
dissolution surface is interpreted to form during the following
transgression at the onset of the stage 2.
5.2. Stage 2: Carbonate production — deepening phase
5.2.1. Description
Stage 2 is represented by the Umbrera Formation (Fig. 9), which
consists mostly of cross-bedded bioclastic grainstone and packstone,
rarely rudstone, arranged in a thinning- and ﬁning-upward succes-
sion. Coarser bioclastic sands are concentrated in the lower part of the
succession in beds up to 1–2 m thick. Red to tan coloured ferruginized
oolitic grainstones with trough cross-bedding characterize the base of
the succession. The lower–middle part of the succession is made of
bioclastic–oolitic grainstones organized in massive and metre- to
decimetre-thick cross-bedded sets (Fig. 9C). The upper part of the
succession is made of packstones and ﬁne-grained grainstones that
alternate with orbitolinid-rich marls. The top of the limestone beds is
frequently bioturbated by Thalassinoides burrows (Fig. 9D), which are
ﬁlled with the overlying orbitolinid marls.
Themaximum thickness of the calcarenite deposits of stage 2 is 52 m
in the eastern part of La Florida area (Bustriguado section; Fig. 6). Here,
these deposits pinch out and disappear westward (Río Nansa section,
Fig. 6), onlapping progressively on the underlying dissolution surface
Fig. 6. Detailed stratigraphic correlation of the sections logged in La Florida area, showing the main stages of carbonate production and changes in sedimentary thickness and facies.
Note the lateral thickness variation from west to east.
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coated by the Fe-rich crust. The end of the carbonate stage 2 is marked
by a discontinuity on top of a bioturbated and reddish calcarenite bed,
which is covered by marls of the Patrocinio Formation (Fig. 10A).
5.2.2. Interpretation
Sedimentary lithofacies and structures suggest that high-energy
tidal and coastal currents controlled deposition of these carbonate
sands (sand waves). They represent high-energy shallow bars and
shoals deposited in an open-marine, inner to midcarbonate shelf
environment. At the upper part of the succession, abandoned bars
were rapidly colonized by burrowing organisms (Thalassinoides) and
then buried by marls. This suggests an overall deepening trend of the
succession linked to a transgressive episode.
5.3. Stage 3: Carbonate platform drowning at the onset of OAE 1a
5.3.1. Description
The stage is represented by the Patrocinio Formation (Fig. 10A).
Open-marine marls of this unit abruptly overlie the shallow water
carbonates of stage 2. Lithofacies are formed by silty marls to dark-
grey, soft clayed marls with glauconite and ironstone nodules. These
yield ammonites, belemnites, and microfossils including planktonic
foraminifera and nannoplankton. Up-section, the silt content of the
marls increases and appear bioclastic beds with erosional surfaces,
and debris of bivalves, brachiopods, echinoids and orbitolinids as well
as wood fragments. Bioturbation also becomes intense upwards. In
the Cuchía area (Fig. 10A), the upper part of the stage 3 records an
upward increase in the content of siltstones and mica-rich, biotur-
bated sandstones with Ophiomorpha nodosa, ripple trough cross-
bedded sandstones, and heterolithic facies with ﬂaser and lenticular
bedding, organized in a thickening and coarsening-upward sequence.
5.3.2. Interpretation
Thesedeposits reﬂect the shutdownof the shallowwater carbonate
factory in the area and the drowning of carbonate platform stage 2,
likely as the result of a combined action of a relative sea-level rise and
poisoning by siliciclastic particles. The lower marly interval is
interpreted as formed by fall of ﬁne carbonate particles mixed with
ﬁne-grained terrigenousmaterial, under low-energy conditions below
storm wave base. Up-section, the increment of silt content suggests
input of coarser siliciclastic material from continent. The bioclastic
erosive layers suggest storm beds deposited above the storm wave
base, and ﬁnally, the sandstone lithofacies at the top represents
progradation of deltaic facies (Wilmsen, 2005). This whole succession
indicates a net shallowing-upward trend and rapid regression towards
the end of the stage.
Table 1
Main characteristics of the different stages of the carbonate platform.
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5.4. Stage 4: Carbonate platform recovering
5.4.1. Description
The shallowwater carbonate production and deposition recovered
during the late Early Aptian (late Bedoulian) and dominated until the
Late Aptian. The interval is represented by decimetre- to metre-scale
beds of wackestones and packstones with rudist–coral assemblages
and L. aggregatum–B. irregularis oncoids. The succession starts with up
to 4 m of orbitolinid-rich, marly to nodular limestone beds (Fig. 10B–
D), that are usually followed by marly limestones with orbitolinids,
bioclasts, sponges and corals; these grading upward to well-bedded
limestones with abundant requieniid rudists (Toucasia and Requienia)
(Fig. 10C).
5.4.2. Interpretation
The instauration of stage 4 indicates the recovery in the
effectiveness of the carbonate factory, favoured by the progressive
shallowing of the depositional system and by the decontamination of
terrigenous particles. When the carbonate sedimentation was re-
established, the orbitolinids were the ﬁrst colonizers, due to their
higher tolerance to adverse conditions such as water turbidity,
terrigenous poisoning and limited light (as described in a similar
case by Vilas et al., 1995). The vertical evolution frommarly orbitolinid
facies to micrite rudist facies may indicate a gradual environmental
change to more favourable ecological conditions for carbonate
secretion and biodiversity. The micritic limestones with miliolids,
rudists and benthic foraminifera indicate a shallow water, restricted
lagoonal environment with low terrigenous inﬂuence.
6. Particle composition
6.1. Skeletal carbonate components of stages 1 and 4
Carbonate platform lithofacies of stages 1 and 4 display comparable
assemblages of skeletal components. In grainstone and packstone
lithofacies, well-rounded fragments of green algae (dasycladacean,
codiacean), coralline sponges, lumps of cyanobacteria, benthic
arenaceous foraminifera, orbitolinids, and fragments of rudists and
other bivalves are the most common carbonate components, with a
minor contribution of plates and spines of echinoderms, gastropods,
and fragments of branching corals, brachiopods and oysters. Micro-
facies of wackestone beds are dominated by intact and fragmented
skeletons of rudists (mostly requieniids and monopleurids), nerineid
gastropods, branching and colonial corals, dasycladacean green algae
and thin shelled bivalves,with variable contributions of L. aggregatum–
B. irregularis oncoids, Chondrodonta, miliolids, orbitolinids and benthic
agglutinated foraminifera (Fig. 11A–C). In minor proportion, coralline
algae, brachiopods, echinoderm plates, oysters and ostracods are also
found.
Fig. 7. Stratigraphic sections of stage 1 (Rábago Formation) at Río Nansa and Rábago localities, showing the main depositional environments and facies associations.
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6.2. Non-skeletal components of stages 1 and 4
Intraclasts, peloids and micritized grains represent the most
common non-skeletal particles in the carbonate platform lithofacies
of stages 1 and 4. Intraclasts (b5%) are small and well rounded, and
derived from facies of micrite matrix with foraminifera and bioclasts
(Fig. 11D). Peloids are small in size, subspherical to ovoidal in shape,
conspicuously rounded, and well sorted. They don't exhibit any
evident structure or organization such as gradation or lamination.
Silt-size grains of quartz (b1%) and opaque minerals are also
present.
6.3. Skeletal carbonate components of stage 2
During the carbonate stage 2, the principal skeletal components of
themicrofacies are large agglutinated benthic foraminifera (orbitolinids
and large lituolids), bryozoans, plates and spines of echinoderms,
crinoid ossicles, red algae andmollusc debris (bivalves, gastropods, and
oysters) (Fig. 12A). No intact rudist shells, corals and green algae have
been observed. These appear as minor components preferentially
concentrated in the basal beds of the calcarenite interval, immediately
above the basal unconformity, and correspond to well-rounded to
subrounded, abraded fragments, generally about 1 mm in size or less
Fig. 8. Field pictures of the stage 1 (Rábago Formation) at La Florida area. (A) Field view of the stage 1 at Río Nansa section. (B) Detailed picture of a wackestone–packstone with
gastropods and corals at Río Nansa section. (C) Detail of the dissolution surface at the top of stage 1, showing irregular cavities and ﬁssures ﬁlled by red-stained bioclastic grainstones
of the stage 2 at Rábago section. (D) Fe-rich crust coating the dissolution surface of the stage 1 at Rábago section. (E) Irregular cavity ﬁlled by carbonate breccia made of cm-size sub-
angular clasts and a matrix of red-stained bioclastic calcarenite from the stage 2 at Rábago section.
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(Fig. 12B). These reworked fragments of rudists and corals are
recrystallized and commonly constitute the nucleus of ooids
(Fig. 12C). Occasionally miliolids are present and may appear broken
as well (Fig. 12B).
6.4. Non-skeletal components of stage 2
Non-skeletal components of stage 2 are represented by ﬁne to
medium sand-sized quartz grains, glauconite grains, calcite ooids,
ferruginized ooids and coated grains, and extraclasts (reworked
fragments of previously lithiﬁed rocks). The latter include rock
fragments derived from the underlying Fe-rich crust, from lime-
stones deposited during the stage 1, and from older sandstone
units. Quartz grains may represent 5 to 30% of the whole
components, are sub-angular to subrounded in shape, and show
moderate sorting. Plant fragments are a minor but ubiquitous
component.
Ooids and coated grains are ﬁne to medium-grained, moderately
to poorly sorted and well-rounded (Fig. 12C–E). The nuclei consist of
quartz grains, chert, extraclasts, echinoid plates, and abraded
Fig. 9. Field pictures of the stage 2 (Umbrera Formation). (A) Contact between the stage 1 (orbitolinid marls and marly limestones) and the stage 2 (cross-bedded grainstones) at
Santillana area. An erosive surface truncates the top of stage 1; trafﬁc sign for scale is 2 m. (B) Cross-bedded bioclastic grainstone of the stage 2 at Cuchía. In this area the stage 1 is not
recorded and the stage 2 rests directly on Wealden facies. The end of stage 2 is marked by deposition of the dark marls of the Patrocinio Formation; people for scale. (C) Detail of
cross-bedding of bioclastic–oolitic grainstones at the lower part of the Umbrera Formation (Corona de Arnero section, La Florida area). (D) Large Thalassinoides burrows at the top of
the Umbrera Formation in the Cuchía area.
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Fig. 10. Field aspects of the stage 3 (Patrocinio Formation) and the stage 4 (San Esteban Formation) at Cuchía area. (A–A′) Bioturbated and reddish surface at the top of stage 2
covered by dark marls of the Patrocinio Formation. (B) General view of shallowwater limestones of the stage 4 (San Esteban Formation). (C) Limestones with requiniid rudists at the
upper part of the unit. (D) Orbitolinid marls at the lower part of the unit.
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fragments of corals and bioclasts that generally appear dissolved and
replaced by calcite (Fig. 12C). It has been distinguished both
superﬁcial and well-developed (normal) ooids with thick mixed
cortices. Irregular concentric cortices of one or two layers form
superﬁcial ooids. Mixed ooids are common and result from the
superposition of cortices made of both tangential calcite and micrite
layers (Fig. 12E). In addition, ooids formed entirely by layers of
tangential arrangement of tightly packed radial calcite crystals, and
micritic ooidsmade of concentricmicrite layered structures have been
observed. Some composed ooids with two or more nuclei also occur.
Some ooid cortices appear broken and separated from the nucleus or
other cortices by thin calcite cement (Fig. 12C). Cracked ooids also
occur, which may develop new cortices in discordance with the
broken ones.
Glauconite beds occur in the upper part of the calcarenite
succession, appearing as detrital grains, ﬁlling pore spaces, or
replacing skeletal particles (Fig. 12F).
7. Early diagenesis
The study of thin sections under optical and CL microscopy allows
differentiation of a series of diagenetic features which reveal essential
aspects of early diagenesis. These notably complete the environmen-
tal information given by facies and fossils, and contribute to
reconstruct the evolution of the platform, especially during the stages
1 and 2, that preceded the OAE 1a.
7.1. Micritization
During the stage 1, bioclasts commonly present micrite rims or
appear completelymicritized. Both destructive and constructivemicrite
envelops are observed. Micrite envelops andmicritization also occurred
during the stage 2 affecting to skeletal particles and ooids.
Destructive micrite envelopes are formed by microboring pro-
duced by microendolithic organism and inﬁlling of the tiny little voids
by microcrystalline Mg calcite or aragonite cements (Bathurst, 1966;
Perry, 1999). Constructive micrite envelopes may result from the
growth of externally calciﬁed ﬁlamentous algae on the surface of the
carbonate grains (e.g. Calvet, 1982). Both modes are interpreted to be
connected with the activity of microbes, algae and fungi (Perry, 1999;
Flügel, 2004; Chacón et al., 2006) and represent microbial develop-
ment on the bioclastic debris. The micritized ooids are considered as
the result of intense micritization of radial calcite ooids, caused by
microboring by algae or fungi (Margolis and Rex, 1971).
7.2. Ferruginization
Concentration of iron oxide occurred on the ferruginous crust that
coated the palaeokarst surface on top of the stage 1. It is made by
serpulid worm tubes and encrusting agglutinated foraminifera (nube-
culariids) embedded in a matrix of iron-oxide ﬁlms (Fig. 13A). In
addition, red to brown grainstone beds with abundant iron-stained
components occurred in theﬁrstmetres above this surface. Iron staining
affects to echinoderm fragments, foraminifera and bryozoan chambers
Fig. 11.Microfacies of the stages 1 and 4; scale bar for all plane-light photomicrographs is 1 mm. (A) Packstone with dissolved gastropods (g), bioclasts and miliolids. Sample PN-9,
Río Nansa section, La Florida area, Rábago Formation. (B) Packstone–wackestone with micritized grains, miliolids (m) and dasycladacean green algae (d); Bustriguado section,
La Florida area, Rábago Formation. (C)Wackestone with hermatypic corals (c) and thin shelled bivalves (b); Rábago section, La Florida area, Reocín Formation. (D) Peloidal packstone
with intraclasts formed by micritic limestones, foraminiferans and bioclasts. Sample LA-7, Rábago section, La Florida area, Rábago Formation.
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and ooids. In these reddish beds, the cortex and nucleus of themajority
of the ooids are strongly ferruginized and present abundant microbor-
ings and microﬁlaments (Fig. 13B–D), which may have destroyed
completely the original textural patterns. The iron oxides may replace
the external calcite cortices only or may formmixed ooids. Mixed ooids
are formed by tangential calcite orﬁnemicrite layers that alternatewith
thin Fe-rich coatings (Fig. 13B, C).
Ferruginized ooids and crusts similar to those described above are
frequent in Jurassic hardgrounds and condensed sections of the Tethyan
basins (e.g. Di Stefano andMindszenty, 2000; Préat et al., 2000; Ramajo
et al., 2002; Gradzinski et al., 2004;Mamet and Préat, 2006; Reolid et al.,
2008), but are identiﬁed throughout the whole stratigraphic record
since theProterozoic. Their genesis has been interpreted in diverseways
that include subaerial and submarine environments, with the iron being
supplied from volcanic to hydrothermal, lateritic or continental sources
(e.g. Jenkyns, 1970; Nahon et al., 1980; Kearsley, 1989; Aurell et al.,
1994; Sturesson et al., 2000). In this study, the presence of serpulids and
encrusting foraminifera in the iron ﬁlms and the marine nature of most
Fig. 12. Photomicrographs showingmicrofacies of the stage 2 (Umbrera Formation.). (A) Bioclastic grainstonewith bryozoans (b), plates of echinoderms (e),micritizedbioclasts (me) and
quartz grains (q); Bustriguado section, La Florida area. (B) Packstonewithorbitolinids (o) andabraded fragments of corals (c) andmiliolids (arrows); Cuchía section, Cuchíaarea. (C)Oolitic
grainstone with mixed ooids (mo), superﬁcial ooids (so) and micritized ooids (me-o). Note the broken ooid cortex separated from the nucleus by thin calcite cement (arrow); crossed
polarized-light; La Florida section, La Florida area. (D) Ferruginized oolites with different types of nucleus such as quartz grains (q), echinoderm (e) and dissolved bioclast (b), and iron
oxide or iron-stained cortices; Bustriguado section, La Florida area. (E) Detail of a mixed ooid whose nucleus is composed by a quartz-grain and the cortex by layers of iron oxides and
calcite; Bustriguado section, La Florida area; crossed polarized-light. (F) Glauconite-rich grainstone with quartz grains and bioclasts. Glauconite appears as detrital grains and replacing
echinoderm plates (arrow); Cuchía section, Cuchía area.
63M. Najarro et al. / Sedimentary Geology 235 (2011) 50–71
ooid nuclei indicate a deﬁnitive marine origin for the iron crust and
ooids. The fact that the iron staining is related to bioclast and ooid
portions which have lost the original texture suggests the presence of
microbes that oxidized the ferrous iron. This may have occurred at the
sediment–water interface (Préat et al., 2000), but implies that water
energy at the sea bottom varied intermittently. Once the calcite ooids
were formed, they rested on the sea-ﬂoor during a time interval long
enough to allow that the original calcite surfaces of the ooids provide
substratum for colonization of iron-oxidizing bacteria and fungi,
forming colonies within the carbonate cortex. The microbial activity
led to precipitation and replacement of the carbonate support by
submicrometric iron oxides, and the ooids became reddish (Fig. 13D).
This is anearlymarinediagenetic process that occurred at slowrates and
that requires a relatively large exposition of the ooids near the
sediment–water interface. After that, the ferruginized ooids may be
reworked during subsequent episodes of high energy, ormay be latterly
transported to the high-energy depositional settings of stage 2. Mixed
ooids may result from reworking of previously deposited and
ferruginized ooids affected by later formation of a new carbonate cortex
on old ferruginous layers (Fig. 13C).
7.3. Glauconite authigenesis
Glauconite cement has been observed in the stage 2, ﬁlling
primary intraparticle voids, particularly within echinoderms and
orbitolinids.
This authigenic glauconite is considered to have been precipitated
from marine pore waters during early marine diagenesis, under low
sedimentary rates and partially reducing conditions (Odin andMatter,
1981), and indicates primary mineralization in condensed marine
sediments (Odin, 1988; Glenn et al., 1994).
7.4. Carbonate cementation
Carbonate cementation affects all the analyzed samples from a variety
of diagenetic processes extending from early marine diagenesis on the
sea-ﬂoor to meteoric and burial environments. Only the sea-ﬂoor and
meteoric diagenetic stages are discussed in this paper. These carbonate
cements appear as pore-lining and pore-ﬁlling cements in primary
cavities, intergranular pore space, and in secondary mouldic porosity.
7.4.1. Early marine cement
Isopachous, ﬁbrous-to-bladed calcite cement (C1) appears around
ferruginized ooids, skeletal grains, quartz particles and extraclasts,
associated preferably to the grainstone of the stage 2 of carbonate
production. Isopachous fringing cement is also observed on samples
from the stages 1 and 4, although it occurs more scarcely. This cement
stains pink (non-ferroan) andﬁlls primary intergranular porosity. Under
cathodoluminescence (CL), it is bright to dull orange (Fig. 14A–B).
This calcite cement appears to have formed early, in the marine
phreatic or near sea-ﬂoor environment as high-Mg calcite or ﬁbrous
aragonite, and later transformed to low-Mg calcite (Moore, 1989;
Fig. 13. Detailed plane-light photomicrographs of the hardground that appears coating the palaeokarst surface of the stage 1, and of the ferruginized oolites at the ﬁrst metres above this
surface. (A) Fe-rich crust composed byworm tubes (w), encrusting agglutinated foraminifera (eaf) embedded inamatrix of iron-oxideﬁlms. Sample LA-12, Rábago section, La Florida area.
(B) Detail of mixed iron ooid with microborings (arrow); Bustriguado section, La Florida area. (C) Mixed iron ooid with microborings (arrow) resulted from reworking of previously
deposited ooid and formationof newcarbonate cortexonprevious ferruginous layers; Bustriguado section, La Floridaarea. (D) Fine-radial calcite cortex is replacedby submicrometre-scale
iron oxides. Note the isopachous, ﬁbrous-to-bladed calcite cement (C1) around the ferruginized ooid (arrows).
64 M. Najarro et al. / Sedimentary Geology 235 (2011) 50–71
James and Choquette, 1990). The luminescence bright-dull orange
suggests recrystallization or primary precipitation under slightly
reducing conditions (Barbin, 2000). However, the regular pattern and
homogeneous intensity of luminescence point to a rather primary
precipitation.
7.4.2. Shallow burial meteoric cement
Blocky equant calcite spar (C2) occurs as pore-lining and pore-
ﬁlling cement in primary inter- and intraparticle pores as well as in
secondary mouldic porosity. This cement commonly occurs as
scalenohedral (dogtooth) spar around pores or as drusy to equant
calcite when occluding pore spaces. It is non-ferroan and probably
low-Mg, and is rich in Fe-oxide solid inclusions. In CL this cement
presents three cements zones (Z1 to Z3; Fig. 14C–D). Z1 is non-
luminescent. Z2 is mainly orange- to yellow bright luminescent, and
may occur as one single bright zone or as several bright luminescent/
non-luminescent multizones (Fig. 14D). Z3 zone is dark-dull
luminescent.
Spar crystals of calcite C2 have been observed in all the carbonate
stages. However, there is a signiﬁcant difference in how calcite C2
Fig. 14. Photomicrographs of paired plane-light (left) and CL (right) images; scale bar in each case is 500 μm. (A–B) Isopachous, ﬁbrous-to-bladed calcite cement (C1) fringing
primary intergranular porosity in grainstones of the stage 2. Under CL the fringing cement is bright orange; Hayuela-Canales section, Santillana area. (C–D) Pore ﬁlling, low-Mg, non-
ferroan calcite cement (C2) precipitated in the mould porosity of a dissolved coral of the stage 1. In CL, C2 presents three cements zones (Z1–Z3). Z1 is non-luminescent. Z2 is mainly
multizoned non-luminescent and orange bright luminescent and Z3 is dark-dull luminescent; sample LA-6, Rábago section, La Florida area. (E–F) Reworked bioclast of stage 2
replaced by equant calcite cement (C2) that in CL shows the Z1–Z3 cement zones. Note the micrite envelope separated from the bioclast due to early mechanical compaction
(arrow); Sample LA-12, Rábago section, La Florida area.
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appears through the succession, especially through the stages 1 and 2.
Beneath the unconformity at the top of stage 1, this calcite spar occurs
extensively in intergranular, shelter, intraskeletal and mouldic pores,
the later generated after leaching of aragonite skeletons. In contrast,
above the unconformity, C2 calcite does not cement grainstones of the
stage 2 (Fig. 14E–F). In this case, it is observed only in some abraded
skeletal grains, eroded and reworked from the previous stage 1
(Fig. 14E–F).
Calcite spar C2 is considered to indicate freshwater shallow burial
(meteoric) cementation from oxidizing (non-luminescent) to mod-
erate reducing (bright luminescent) pore ﬂuids (Moore, 1989;
Muchez et al., 1998; Dickson and Saller, 1995; Mutti, 1995). This
process is well documented in modern aquifers (Champ et al., 1979).
Leaching of the aragonite skeletons and subsequent replacement by
calcite spar C2 occurred during emersion at the end of stage 1. During
the following transgression, with erosion of the previous stage, they
were eroded and recycled in the grainstones of the stage 2.
8. Stable isotopes
Stable carbon isotopic composition (δ13C) throughout the studied
succession in La Florida area (Fig. 15), varies from +3.6‰ to−4.5‰,
recording a noticeable range of variability, which exceeds 8‰. In that
succession, the δ13C record can be subdivided into three successive
intervals (Fig. 15). The basal interval matches with stages 1 and 2 of
carbonate production. It shows relatively homogeneous and positive
δ13C values during the stage 1 (mean of +2.2‰), and a signiﬁcant and
progressive decrease (of about 1‰) in the record of the stage 2 (but
still within positive values). The second interval of the δ13C curve
correlates with the Patrocinio Formation (stage 3). This interval is
characterized by a notable negative excursion from values of −0.4‰
at the base of the interval to −4.5‰ at the top. The decrease in the
values is not gradual but shows three negative peaks (−2.9‰,−4.1‰
and−4.5‰ respectively; Fig. 15). Finally, the third interval in the δ13C
record shows the return to positive values. This change occurs during
the re-instauration of carbonate production in the stage 4. During this
interval the δ13C values range from +2.5‰ to +3.6‰, and are, in
average, more positive than those of the ﬁrst interval.
The oxygen-isotope record (δ18O) also shows a remarkable
variability, with values varying from −2.7‰ to −13.8‰ (Fig. 15). It
reveals comparable patterns to those of the carbon-isotope curve, and
three main intervals can be also differentiated along the section. The
ﬁrst interval coincides with the stages 1 and 2, and presents relatively
constant values (mean of −3.5‰). A sharp negative excursion is
recorded during deposition of the marly Patrocinio Formation. Here
the values range from −5.7‰ to −13.8‰. The third interval of the
δ18O curve shows a return to less negative values (mean of −4.3‰),
which are correlated with deposition of the stage 4 (Fig. 15).
9. Discussion
Understanding the effects of the OAEs in the deep oceans has
become a major objective of a large number of works in the last years.
However, little is still known about the effects of these events on
shallow marine platform carbonates and the interaction of their
effects with local tectonic factors. The studied shallow platform
succession was affected during the Aptian by the OAE 1a and by
extensional tectonics. During the Aptian and immediately preceding
Fig. 15. Carbonate carbon and oxygen stable isotope records of the Aptian carbonate succession from La Florida area. The isotopic records are plotted against stratigraphic thickness,
lithology and stratigraphic units. Dotted lines mark isotopic intervals.
66 M. Najarro et al. / Sedimentary Geology 235 (2011) 50–71
the anoxic event, the platform evolved from stage 1 (photozoan
assemblages) to stage 2 (heterozoan assemblages) of carbonate
production. Later, a rapid drowning of the platform and deposition of
open-marine shales (stage 3) occurred at the onset of the OAE 1a.
Finally, the recovering of shallow water carbonate deposition with
photozoan assemblages took place during the stage 4, at the end and
after the anoxic event. The data indicate that the stratigraphic,
sedimentological, diagenetic and chemostratigraphic shifts that
affected the platform carbonates during this time were abrupt, and
all of them point to rapid environmental changes accompanying the
platform evolution.
9.1. Photozoan versus heterozoan styles of carbonate production
The predominance during the carbonate stages 1 and 4 of light-
dependent benthic organisms and skeletal grain types (corals,
dasycladacean algae, etc.) indicates a photozoan style of carbonate
production (Table 1). Comparing with modern carbonate sediments,
this photozoan assemblage reﬂects favourable platform growth
conditions in seawaters that are shallow, transparent, warm, euhaline,
and oligotrophic (Hallock, 1988; Föllmi et al., 1994; James, 1997). The
photozoan textures (wackestone and packstone) of stages 1 and 4
suggest that the depositional energy was predominantly low. The
presence of miliolids, monopleurid and requieniid rudist banks,
L. aggregatum–B. irregularis, and fenestral microbialites suggests
shallow water with stable bottom conditions and deposition in
protected lagoons with weak bottom currents (e.g. Ross and Skelton,
1993; Gómez-Pérez et al., 1998), only occasionally affected by high-
energy episodes. The low amount of non-skeletal grains and the
minor contribution of siliciclastic particles, except for the mixed
carbonate–siliciclastic facies at the transgressive bases of the
carbonate stages, suggest low contribution of terrigenous runoff
during these stages of carbonate growth.
In contrast, during the stage 2, the platform sedimentation was
dominated by a heterozoan style of carbonate production, with
predominance of calcite components, absence of organic build-ups,
and abundance of suspension feedings such as crinoids and
bryozoans. The substantial amount of orbitolinids indicates conditions
of high nutrient input, since these asexually reproducing benthic
foraminifera thrive in such conditions (Birkeland, 1988; Vilas et al.,
1995). The heterozoan skeletal grains of the stage 2 (e.g. echinoids,
coralline algae and molluscs) are ubiquitous elements present in a
wide range of shallow marine systems and latitudes, although they
became predominant only when other organisms are inhibited by
environmental conditions such as light availability, temperature,
salinity and nutrients (Hallock, 1988). In modern platform analogues,
this heterozoan association typiﬁes sedimentation in cool waters, or
alternatively, sedimentation below the photic zone (James, 1997).
However, nutrient poisoning (excess) can produce enough environ-
mental stress to radically alter the platform benthos and eventually
led to platform drowning (Hallock and Schlager, 1986; Hallock, 1988;
Jenkyns, 1995). During the Aptian, sedimentation in the Basque-
Cantabrian basin occurred in warm, sub-tropical climatic regions (e.g.
Scotesse et al., 1998), and the data indicate that both the photozoan
and heterozoan stages of carbonate deposition took place in shallow
water conditions. The presence of light-dependent organisms in the
photozoan stages implies deposition within the photic zone. In the
heterozoan stage 2, the overall lack of carbonate mud, the common
high-energy traction current structures, and the presence of oolites
suggest deposition under agitated bottom waters, likely within the
photic zone as well. Therefore, depth seems not to have played a
major role in the compositional shifting to heterozoan carbonate
sedimentation during the stage 2. The presence of substantial
amounts of sand-sized siliciclastic particles accompanying the
heterozoan stage 2 may be considered as an indicator of higher
nutrient inﬂux levels accompanying the import of detrital particles in
this stage that preceded the OAE 1a (Föllmi et al., 1994; Burla et al.,
2008).
Recently, there is an open debate about a possible causal
relationship between the presence of Lithocodium–Bacinella commu-
nities in shallow epicontinental seas and the OAE 1a (Immenhauser
et al., 2005). According to these authors, the Lithocodium–Bacinella
consortium may represent an out-of-balance facies, ﬂourished under
rising nutrient levels, which are time-equivalent in shallow water
platforms to the black shales deposited in hemipelagic and pelagic
environments during the OAE 1a (Immenhauser et al., 2005).
However, in this study the presence of Lithocodium–Bacinella
communities is not related with the OAE 1a. In fact, this facies
appears indistinctly before and after the OAE 1a, (stages 1 and 4) with
the maximum bloom taking place during the Late Aptian (Reocín
Formation), which is not time-equivalent with the OAE 1a. On the
contrary, the time-equivalent facies at the onset of the OAE 1a are
represented by the black marls of the stage 3 (Patrocinio Formation)
deposited during transgression and drowning of the platform.
9.2. Ferruginization, glauconite, and environmental stress
The shifting from the photozoan stage 1 to the heterozoan stage 2
was marked by a subaerial exposure surface coated by a later sub-
marine iron crust; and the heterozoan skeletal association of stage 2
was accompanied by formation of ferruginized oolites. The ferrugi-
nous crust indicates early sea-ﬂoor cementation resulting in a
hardground-capped unconformity, likely related to iron bacteria and
microbe activity. This is suggested by the existence of microborings
ﬁlled with iron oxides. The presence of nubeculariid foraminifers may
suggest relatively shallow warm waters (Gradzinski et al., 2004).
Ferruginization of previous calcite oolites resulting in the
formation of ferruginized oolites took place also under the inﬂuence
of iron-oxidizing bacteria. This process can be produced by a variety of
both phototrophic and non-phototrophic microorganisms. Due to the
lack of light dependence of these organisms, they probably formed
under dim conditions and required slow sedimentation rates, the
presence of low-oxygen water masses and a source of iron (Mamet
and Préat, 2006; Préat et al., 2008). Such conditions were likely
associated with dysaerobic sediment–water interfaces (Mamet and
Préat, 2006). Under such conditions the stability of the soluble
reduced state of iron is higher and the metabolic activity of Fe-
oxidizing bacteria can induce ferric oxide and hydroxide precipitation
as a secondary by-product (Konhauser, 1998; Mamet and Préat,
2006). Therefore, these ferruginized oolites suggest the existence of
long periods with dysaerobic bottom conditions that would alternate
with high-energy conditions where the cross-stratiﬁed grainstones
were formed. As indicated by the presence of some oolites withmixed
layers of iron oxides and calcite, iron precipitation occurred probably
very early, just after formation of oolite calcite cortices and
fragmentation of skeletons and their immediate deposition, although
they were still susceptible of periodic reworking. The source of the
iron mineral can be explained by a terrigenous origin, with the iron
derived from enhanced continental weathering during sedimentation.
The formation of both hardground surfaces coated with iron oxide
and glauconite-bearing sediments is frequent in the geological record
related to condensed series and submarine hiatuses, and their genesis
appear to be directly related to rapid sea-level rises, carbonate
platform destruction and eutrophication (Hallock and Schlager, 1986;
Hallock, 1988; Föllmi et al., 1994). The data suggest that enhanced
terrestrial runoff during the stage 2 of carbonate production probably
brought iron and nutrients to the North Cantabrian platform, resulting
in water-column eutrophication and environmental stress. These
particular trophic conditions may explain the proliferation of
heterotrophic Fe-oxidizing bacteria and suspension-feeding benthic
organisms, such as crinoids and other heterozoan skeletal compo-
nents of the stage 2 (James, 1997; Föllmi et al., 2006).
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9.3. Early calcite cements and environmental conditions of stages 1 and 2
The analysis of diagenetic features in the carbonates has been of
great value to recognize meteoric alteration of the platform
carbonates and to provide an additional record of changes in relative
sea-level and environmental conditions. The occurrence of pre-
compaction, calcite spar C2 is interpreted to precipitate from oxidized
to slightly reduced meteoric waters in the phreatic zone (e.g. Benito
et al., 2005; Bishop et al., 2009). Early meteoric cements have been
exclusively observed on samples from the stage 1, accompanying
medium-scale karstic features that occur at the top of this stage. The
meteoric ﬂuids entered the platform as a result of a combination of
both subaerial exposure and acceleration of the hydrological cycle,
which induced increased rainfall, ﬂuvial discharge, and continental
runoff. The interaction of meteoric waters with exposed marine
carbonates during platform emersion caused dissolution and favoured
the circulation of freshwater lenses through the carbonate mass, which
acted as an unconﬁned aquifer. This resulted in further dissolution and
precipitation of the non-luminescent to bright luminescent (Z1–Z2)
blocky spar, ﬁlling all available porosity (primary cavities and
secondary mouldic porosity). It should be noted that the occurrence
of these type of cements recognized in some of the basal samples of the
stage 2 is only apparent, as they are always found in recycled and
reworked lithoclasts from the previous stage.
Primary intergranular porosity in grainstones from the stage 2 was
ﬁlled with rinds of marine isopachous calcite cements, which
precipitated primary most likely as luminescent cements. Manganese
is the most common activator of the luminescence in natural calcites
(Marshall, 1988) and its incorporation in marine cements may
suggest changes in the trace element concentration of the seawater
or changes in the redox environmental conditions of precipitation
(Barbin, 2000). Besides, the inﬂux of freshwater may increase the Mn
content of seawater and, therefore, of the calcite precipitated under
such environmental conditions. For example, cathodoluminescence
studies carried out on recent biogenic calcites have revealed an
increase of luminescence and Mn contents of the shell calcites with
decreasing salinity (Barbin et al., 1991).
9.4. Platform drowning and negative C and O isotope excursions of
stage 3
The platform drowned during the evolutionary stage 3. The age of
the drowning episode is well constrainedwith ammonites, planktonic
foraminifers and nannofossils (Fig. 4), conﬁrming that the marly
interval (Patrocinio Formation) corresponds unequivocally to the OAE
1a (Gea et al., 2003; Rosales et al., 2009; Moreno-Bedmar et al., 2009).
The chemostratigraphic analyses have revealed a prominent negative
shift (∼6‰) in the carbon-isotope record during deposition of these
open-marine black marls. This negative shift is very similar to those
reported from other coeval sections from adjacent basins (e.g.
Moreno-Bedmar et al., 2009) and other basins from Europe, North
America, Japan and the Paciﬁc Ocean (Menegatti et al., 1998; Erba
et al., 1999; Gröcke et al., 1999; Jenkyns and Wilson, 1999; Luciani
et al., 2001; Ando et al., 2002; Bellanca et al., 2002; Jenkyns, 2003;
Weissert and Erba, 2004, Burla et al., 2008), and is deﬁned as a
distinctive feature of the onset of the OAE 1a. Although the possible
causal mechanisms of this carbon-isotope negative excursion are
under a controversial debate (Jahren et al., 2001; Beerling et al., 2002;
Jenkyns, 2003; Milkov, 2004), the massive release of isotopically light
carbon to the atmosphere/hydrosphere reservoirs from methane
hydrate dissociation is regarded as themost plausible hypothesis. This
release was probably triggered by intensive volcanism and formation
of large igneous provinces (Larson and Erba, 1999).
There is a good correlation between the δ13C record of the studied
Aptian carbonates and the main changes occurring in the evolution of
the platform. The photozoan stages 1 and 4 are characterized by δ13C
values typical of micritic limestones from carbonate platforms of this
period (Menegatti et al., 1998; Burla et al., 2008). The installation of
the heterozoan stage 2 is correlated with a slight shift to more
negative δ13C values before the sharp negative spike that characterize
the stage 3 of platform drowning and the onset of the OAE 1a. Similar
correlations of δ13C negative shifts and phases of heterozoan
carbonate growth have been also described for other Early Cretaceous
Tethyan platforms (Föllmi et al., 2006). The cause of this correlation is
unclear but may be inﬂuenced in some degree by the input to the
basin of continental water rich in dissolved isotopically light carbon
derived from soil erosion.
The oxygen-isotope record during the stage 3 of platform
drowning shows also a prominent shift (up to 11‰) to more negative
values accompanying the C-isotope negative spike. Generally, relative
low δ18O values in pristine marine calcites are explained as reﬂecting
elevated seawater temperatures (e.g. Marshall, 1992). However, the
negative δ18O values registered during the stage 3 are incompatible
with any reasonable palaeotemperature reconstruction since, if
interpreted only in terms of palaeotemperature, would give unreal-
istic extremely high seawater temperatures. New δ18O data on pelagic
carbonates from ODP survey in the central Paciﬁc (Ando et al., 2008)
has revealed extreme warming at the onset of the OAE 1a, with δ18O
pelagic values as low as−4.5‰ departing from background values of
about −2‰. By comparison, only a small portion (∼2–3‰) of the
isotopic shift recorded in the samples across the marly interval of
stage 3 may have been caused by this warming episode.
Other possible mechanism to explain isotopically light values of
both δ18O and δ13C records in shallow platform carbonates can be
found in early diagenetic processes associatedwith platform exposure
(Immenhauser et al., 2002, 2003, 2008). These authors propose that
low C and O isotope values in platforms tops are usually related to the
combination of two processes. One is the inﬂuence of 18O-depleted
early meteoric ﬂuids and the other is the inﬂuence of 13C-depleted
soil-zone CO2 during carbonate recrystallization. However, in this
study the negative shifts in C and O isotopes are not recorded in the
shallow platform carbonates but in the open-marine marls of the
Patrocinio Formation, which deposited during widespread transgres-
sion under water-depth conditions far from subaerial exposure.
More plausible, secondary changes in the isotope ratios could
occur with carbonate recrystallization during burial diagenesis, and
could explain at least the anomalous low δ18O values. Early
precipitation of diagenetic isotopically light calcite in the marly
interval as a consequence of bacterial organic matter decomposition
in the sulphate-reducing zone is likely a mechanism that operated in
many organic-rich rocks (Sass et al., 1991). However, the scarcity of
organic matter present in our samples (0.5% or less; Rosales et al.,
2009) may compromise this interpretation. Alternatively, depletion in
the δ18O and δ13C composition of the seawater may have been caused
by an inﬂux of terrestrial runoff into the platform during the stage 3 as
a consequence of acceleration of the hydrological cycle (e.g. as
described in the Early Toarcian OAE by Sælen et al., 1996). The change
in the isotope composition of the platform seawater during this stage
may have acted in combination with the warming episode (Ando
et al., 2008) to cause the low δ18O values detected in the samples.
9.5. Climate (global) versus tectonic (local) controls on the platform
evolution
Beyond the inﬂuence of the OAE 1a, the described patterns of
platformevolution in theNCB are also inﬂuencedby regional factors such
as local tectonics and differential subsidence or runoff changes. Eustacy
also should play a signiﬁcant role in the evolution of the platform.
Regionally, rift tectonismoccurredduring theTithonian–Cenomanian
(e.g. Martín-Chivelet et al., 2002). The syn-rift nature of the carbonate
succession deposited during the Aptian in theNCB is indicated by the fact
that strata thicken and fan out into hangingwall areas and thin onto
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footwall areas (Figs. 2B and 5). Therefore, it can be assumed that the
accommodation space for platform growth was created from a
combination of sea-level change, local block movements, and regional
subsidence from crustal thinning and sediment loading.
The contact between the carbonate platform stage 1 and the next
stage 2, which ismarked by an unconformitywith evidence of erosion,
dissolution and meteoric diagenesis on footwall crests, points to local
uplift and a brief period of subaerial exposure. The stage 2 was a
carbonate sequence developed initially only on the more subsiding
parts of the basin. The unit shows pronounced onlap at the base and is
interpreted as the passive ﬁll of a wedge-shape accommodation space
during a phase of relative sea-level rise. This stratigraphic pattern
closely resembles the depositional architecture predicted by the
models of Bosence (2005) and Gardner et al. (2009) for fault-block
carbonate platforms, and suggests that local tectonics was the major
cause of this unconformity that produced hangingwall subsidence and
footwall uplift. The ﬂooding and onlapping on this surface were
accompanied by the change to a heterozoan style of carbonate
production with inﬂux of siliciclastic particles. The predominance of
such type of grains, and the rest of evidences presented in this study,
all suggest environmental perturbation by continental waters charged
in siliciclastic particles and nutrients, resulting in a mesotrophic
habitat in the stage that preceded the OAE 1a. The carbonate factory
changed to a less-effective mode of sedimentation that occurred at
slow rates, as indicated by the presence of glauconite, and the high
rates of microbial activity and ferruginization. This sedimentary
response may have been induced by the tectonic uplift and ﬂuvial
erosion of the southern and western margins of the NCB. However,
deterioration of the shallowwater carbonate systems occurred almost
simultaneously worldwide, such in the Paciﬁc (Jenkyns, 1995), France
(Masse et al., 1999), Switzerland (Wissler et al., 2003), Helvetic Alps
(Föllmi et al., 2006), and Portugal (Burla et al., 2008) among others,
suggesting that this was an inter-regional phenomenon.
The shallow water carbonate platform deterioration took place
during a rapid rise in relative sea-level. The weakened production rate
of the carbonate stage 2 could not keep-up with the rising sea-level,
with the consequent drowning of the platform and deposition of
open-marine marls of the stage 3. Although this event was inﬂuenced
by tectonic subsidence, the early Aptian ﬂooding should be considered
as a major eustatic transgressive event. It is well recorded in other
rifted-basins of both the Tethys and the North Atlantic, and
remarkably, it has been also reported from cratonic areas, such as
the East African craton, which are considered as geologically more
stable (Bosellini et al., 1999). Because this transgression correlates
well with similar events around the world and within different
tectonostratigraphic settings (Somalia, Arabian Peninsula, Ethiopia,
southern Italy, France, Spain, Portugal, north-eastern Mexico, Paciﬁc
realm, etc.) (e.g. Lehmann et al., 1999; Bosellini et al., 1999; Rosales,
1999; Burla et al., 2008; Föllmi, 2008), it is considered as a global
phenomenon linked to the OAE 1a. Therefore, and in summary, in the
NCB, the proximity of emerged land areas to the south of the
Cabuérniga Ridge and in the Asturian Massif (see Fig. 1C for location)
along with a combination of tectonic movements and more humid
climate conditions, would have increased continental erosion, river
drainage and runoff, which ultimately would have been responsible
for the local/regional platform eutrophication and the subsequent
drowning that accompany the OAE 1a.
10. Conclusions
The following conclusions from the study of the Early Aptian
carbonate succession of the North Cantabrian basin can be drawn:
1) Four successive stages of carbonate production (1 to 4) outline the
evolution of the platform, from which stage 3 corresponds to the
local expression of the OAE 1a.
2) The carbonate stages that preceded the OAE 1a exhibit a
compositional shifting from photozoan (stage 1) to heterozoan
(stage 2) skeletal grains. These two stages of carbonate production
are separated by an unconformity. This surface exhibits evidence
of erosion, karstic dissolution and meteoric diagenesis, and is
capped by a submarine ferruginous crust during the following
transgressive event.
3) Tectonic activity favoured the inﬂux of terrigenous particles from
terrestrial runoff that accompanied the observed biotic changes.
Besides, an accelerated hydrological cycle increased the input of
freshwater and nutrients into the platform, causing the change
from oligotrophic (stage 1) to mesotrophic (stage 2) conditions.
4) This event in the evolution of the carbonate platform correlates
well with worldwide environmental deterioration of benthic
environments. The combination of water freshening, nutrient
poisoning, tectonic activity and rising eustatic sea-level may have
acted together resulting in the progressive destabilisation of the
marine environments and the change to less-effective carbonate
factories (heterozoan), which may be the cause of the demise of
many carbonate platforms worldwide previous to the instauration
of the OAE.
5) Finally, the integration of sedimentological, diagenetic and
chemostratigraphic analysis has been proven as a useful tool to
identify and characterize global palaeoclimatic perturbations in
shallow water carbonate platform environments.
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During the Early Aptian, major palaeoenvironmental changes occurred leading to an oceanic anoxic event
(OAE 1a) and a perturbation of the global carbon cycle. New detailed litho-, bio-, and chemostratigraphic
(TOC, δ13Ccarb, δ13Corg) records of two superbly exposed and expanded Lower Aptian sections in Cantabria (La
Florida and Cuchía) allow to recognize the expression of the OAE 1a in shallow shelf environments of northern
Spain. The succession consists of shallow platform limestones that include a marly unit (Patrocinio
Formation), the deposition of which occurred mostly at the onset of the OAE 1a (~120.5 Ma). This study
presents a new integrated biostratigraphy based on ammonites, planktonic foraminifera, calcareous
nannofossils and palynomorphs that allows an accurate age resolution of the succession. The marly unit
records an abrupt negative δ13C excursion in both bulk organic matter (up to 5‰) and carbonate (up to 6‰,
mean 3‰), as has been already observed at the onset of the OAE 1a in other Lower Aptian deposits worldwide.
In detail, however, the negative excursion presents two minima in the studied sections. This negative spike is
conﬁdently attributed to the upper half of the Hayesites irregularis nannofossil Zone, to the upper part of the
Blowiella blowi foraminiferal Zone, and to the middle–upper part of the Deshayesites weissi ammonite Zone. A
third negative excursion occurs at the base of the Rhagodiscus angustus nannofossil Zone, which may be
correlatable with the Dufrenoyia furcata ammonite Zone. This data set reﬁnes the age of the OAE 1a and
reveals the existence of a stratigraphic gap in the westernmost margin of the Basque Cantabrian Basin that
covers at least a portion of the upper part of the Early Aptian. Sedimentary facies and quantitative analysis of
palynomorphs and nannofossils document signiﬁcant environmental changes associated with the OAE 1a:
compositional changes of neritic carbonates and calcareous nannofossils data indicate the occurrence of a
biocalciﬁcation crisis inferred to have been related to CO2-induced changes in seawater chemistry, and
palynomorphs identify a thermal maximum followed by a cooling phase. The latter show a Classopollis
maximum during the OAE 1a, which is followed by a decrease in Classopollis and an increase of bisaccate
pollen after the event.
© 2010 Elsevier B.V. All rights reserved.
1. Introduction
The Early Aptian is recognised as an interval of signiﬁcant,
widespread environmental change generated by a battery of
interrelated palaeogeographic and palaeoceanographic events. It is
marked by a geologically brief (≤1 Myr; Bralower et al., 1994) episode
known as the oceanic anoxic event 1a (OAE 1a) (Arthur et al., 1990;
Jenkyns, 1980, 1999; Schlanger and Jenkyns, 1976), which is
characterized by global rise in sea level (Haq et al., 1988), extreme
greenhouse conditions (Dumitrescu et al., 2006; Frakes, 1979;
Herman and Spicer, 1996; Larson, 1991; Vakhrameyev, 1982), global
distribution of organic-rich deposits (so-called “Selli Event”; Coccioni
et al., 1989; Jenkyns, 2003; Schlanger and Jenkyns, 1976), increase in
continental weathering and runoff (Erba, 1994; Föllmi et al., 1994;
Najarro et al., 2010), a biocalciﬁcation crisis with strong impact on
planktonic microfauna and nannoﬂora (Erba, 1994, 2004; Erba and
Tremolada, 2004; Gea et al., 2003; Larson and Erba, 1999; Weissert
and Erba, 2004), andmajor perturbations in global carbon cycling (e.g.
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Menegatti et al., 1998; Weissert and Erba, 2004). The triggering
mechanisms for the OAE 1a are not well known yet. It has been
postulated that the emplacement of the large igneous provinces of
Ontong Java Plateau and Kerguelen Plateau initially sparked this event
(e.g. Jahren, 2002; Larson and Erba, 1999; Leckie et al., 2002; Méhay
et al., 2009; Tejada et al., 2009).
The onset of the OAE 1a coincides with a pronounced, sharp and
short-lived negative δ13C excursion in both organicmatter andmarine
carbonate. This isotopic shift is considered to be global because it has
been identiﬁed in several localities around the world (e.g. Gea et al.,
2003; Gröcke et al., 1999; Grötsch et al., 1998; Jenkyns, 2003;
Menegatti et al., 1998; Millán et al., 2009; Moreno-Bedmar et al.,
2009; Weissert and Erba, 2004). Massive release of isotopically light
CO2 from volcanic sources or from oxidation of methane during
dissociation of marine gas hydrates has been proposed to explain this
negative excursion (Beerling et al., 2002; Gröcke, 2002; Jahren, 2002;
Jahren et al., 2001; Jenkyns, 2003, Méhay et al., 2009). The negative
excursion in δ13C is followed by a shift toward positive values, which
resulted from the increase of organic carbon burial during deposition
of organicmatter and black-shale formation (e.g. Bralower et al., 1994;
Gröcke et al., 1999; Menegatti et al., 1998; Scholle and Arthur, 1980;
Weissert et al., 1998). The negative spike at the onset of theOAE1a is of
much interest because it represents a brief interval (~27–44 kyr,
according to Li et al., 2008) of rapid environmental perturbation that
activated the rest of the environmental events. However, some
inaccuracies still existwith respect to its timingdue to poor integration
of the biostratigraphies used by different authors, and some
differences in the zones and subzones used for the Tethyan and Boreal
provinces (e.g. García-Mondéjar et al., 2009; Luciani et al., 2001;
Moreno-Bedmar et al., 2009). Therefore, given its importance and
implications, it is essential to constrain better the timing and nature of
the negative excursion.
This paper presents an integration of stratigraphy, carbonate and
total organic carbon (TOC) contents, and δ13Ccarb and δ13Corg analyses,
along with assemblages of ammonites, planktonic foraminifera,
calcareous nannofossils and palynomorphs from two Lower Aptian
sections (La Florida and Cuchía) located in the Basque Cantabrian
Basin (northern Spain) (Fig. 1). Their excellent exposure exhibits a
completely outcropping succession composed mostly of platform
limestones that include a ~30–80 m thick marly unit (Patrocinio
Formation) of Early Aptian age, the deposition of which occurred
mostly at the onset of the OAE 1a. This marly unit provides a highly
expanded record of this critical event allowing high-resolution
sampling, in contrast to other better-known Tethyan sections that
are more condensed, such as the Cismon APTICORE in Italy, which is
considered as a reference section (Channell et al., 2000; Li et al., 2008;
Menegatti et al., 1998). Themulti-proxy data set compiled in thiswork
aims to reconstruct processes and precise timing of the environmental
changes occurring at the time of deposition of the marly unit, and
permits to characterize the local expression of the OAE 1a in shallow
platform carbonates of northern Spain. In addition, the abundance of
climate-sensitive ﬂoral elements, particularly Classopollis sp. and
bisaccate pollen, which are considered as consistent proxies for
climate variations (Heimhofer et al., 2004; Vakhrameyev, 1982),
supplies information that suggests palaeoclimatic changes from OAE
1a to post-OAE 1a conditions. The data set is discussed in the context of
the current hypothesis on the nature of the global perturbations that
occurred in the Early Aptian and is compared with other well-
documented Aptian C-isotope records from other Tethyan regions,
particularly the classical reference sections of the southern Alps of
northern Italy (Menegatti et al., 1998) and the Vocontian Basin of SE
France (Herrle et al., 2004), and other more recent regional records
reported from northern Spain (Millán et al., 2009; Moreno-Bedmar
et al., 2009). Taken together, the data presented here provide an
excellent case to investigate the onset of the OAE 1a, because the
expanded records of this event in the studied sections allow the
acquisition of very high-resolution chemostratigraphic and biostrati-
graphic records within a detailed time frame.
2. Geological setting
The study area is located on the northwestern margin of the
Basque Cantabrian Basin (BCB; Fig. 1), which formed during the
Mesozoic–Early Cenozoic through several phases of continental rifting
linked to the opening of the Bay of Biscay and the North Atlantic (e.g.
Malod and Mauffret, 1990; Montadert et al., 1979; Olivet, 1996).
During the Late Jurassic–Early Cretaceous rifting phase, this part of the
BCB belonged to the northern margin of Iberia and was under “wet
(sub-) tropical” climatic conditions in palaeo-latitude of about 30°N
(e.g. Hay et al., 1999; Ziegler, 1988) (Fig. 1A). Due to the mentioned
tectonic events, several extensional (intra-shelf) sub-basins devel-
oped during the Cretaceous in the northern margin of Iberia. These
Fig. 1. (A) Palaeogeographical reconstruction of the Atlantic and western Tethys for the Aptian–Albian (taken from Herrle et al., 2003, modiﬁed after Ziegler, 1988; Hay et al., 1999).
The studied sections are located in the Basque Cantabrian Basin (BCB = Basque Cantabrian Basin; AM = Armorican Massif; MC = Massif Central; VB = Vocontian Basin; RHB =
Rockall–Hatton Bank; CSH = Corsica–Sardinia High; RM= Rhenish Massif; BM= Bohemian Massif). (B) Detailed palaeogeographical reconstruction of the North Cantabrian Basin
(NCB) in the Early Cretaceous (modiﬁed after Wilmsen, 2000). The NCB was separated from the more strongly subsiding rest of the BCB to the east, by a N–S extensional structure
(RíoMiera Flexure after Feuillée and Rat, 1971). BCB= Basque Cantabrian Basin; CR= Cabuérniga Ridge; SCB= South Cantabrian (sub-) Basin; AB=Asturian Basin; S= Santander.
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sub-basins were bounded by active synsedimentary faults producing
thick accumulations of sediments that were subsequently folded and
thrusted during the Cenozoic Alpine orogeny.
The two Lower Aptian successions studied here were deposited in
the North Cantabrian (sub-)Basin (NCB; Figs. 1B, 2A). This was a
relatively small (~20×80 km) E–W elongated sub-basin that devel-
oped as an independent structural unit, relatively less subsident than
other areas of the BCB for most of the Cretaceous time (Martín-
Chivelet et al., 2002; Najarro et al., 2010; Wilmsen, 2005). Palaeogeo-
graphically, the NCB was structured in a series of horsts and grabens
limited by N–S, E–W and NE–SW trending faults, which controlled
sedimentation at least during Barremian–Albian times (Fig. 2)
(Najarro et al., 2007, 2009, 2010). From northeast to southwest
three fault-bounded structural domains are differentiated: Cuchía,
Santillana and La Florida areas respectively (Fig. 2B). The Cuchía and
La Florida domains correspond to less-subsiding uplifted areas,
whereas the Santillana domain represents a subsident trough
between them and the main sedimentary depocentre of the region
during the Early Cretaceous (Fig. 2B). This synsedimentary structural
arrangement caused a complex basin topography, as indicated by
distribution of facies and sedimentary thicknesses, which may reach
less than 200 m for the Aptian–Albian in the marginal areas of La
Florida and Cuchía, but may exceed 1000 m in the centre of the
Santillana sink depression. The two studied sections belong to the
Fig. 2. (A) Geological map of the North Cantabrian Basin (NCB) with the location of the three principal depositional areas (La Florida, Santillana and Cuchía) and the two studied
sections of La Florida and Cuchía. White line A–A′–B–B′ shows the location of the stratigraphic cross-section in B. (B) Cross-section showing the restored geometry of the NCB during
the Early Cretaceous and the different sedimentary record in the three principal depositional areas.
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Cuchía and La Florida domains respectively, and are considered
representative of these areas.
3. Material and methodology
3.1. Studied sections and sampling
The two Lower Aptian representative sections have been analysed
along superbly exposed continuous outcrops (Fig. 3). The La Florida
section is located about 20 km southwest of the village of San Vicente
de la Barquera (Fig. 2A). This section is exposed close to the small village
of Rábago, alongside the Puentenansa road. The Cuchía section
(Figs. 2A, 3) is very well exposed in the coastal cliff of the Playa de los
Caballos beach, 3 kmNWof the small villageof Cuchía. The two sections
were logged and sampled at a metric scale, and the sedimentological
features and fossil content were documented in detail in the ﬁeld.
A total of 235 rock samples were collected and processed for
different geochemical andmicropalaeontological studies. The δ13Ccarb,
δ13Corg, carbonate content and total organic carbon content (TOC)
were measured on bulk rock samples from limestones and marls
drilled from fresh rock samples from the two sections. Previous works
have proven the efﬁcacy of bulk rock analysis on this type of rock
successions (e.g. Ferreri et al., 1997; Scopelliti et al., 2008; Weissert
et al., 1998). Powders were extracted with a micro drill mounted in a
stereomicroscope. Potential problems associated with diagenetic
resetting have been avoided as much as possible by carefully selecting
micro samples of limestones and marls away from crack ﬁllings,
secondary products or matrix irregularities. Dolomitized samples
were excluded and limestone samples with mudstone to wackestone
textures were preferentially chosen. Samples derived from marls
were systematically taken every 1–2 m, whereas for the limestones
beds the sampling has been limited to those parts of the succession
where the diagenetic features were minimal. Minor siliciclastic
siltstones and sandstones interbedded in particular parts of the
sections have not been analysed.
3.2. Geochemical analyses
Values of wt.% TOC and wt.% CaCO3 contents were determined on
57 marly samples at Servizos de Apoio á Investigación of the
University of A Coruña (Spain). Total carbon content of the samples
(wt.% TC) was determined using a Carbo Erba elemental analyzer
EA1108. For total organic carbon (TOC) determinations, the samples
were previously digested in HCl at 80 °C to remove the carbonate
material and then measured. The difference between the values of TC
and TOCwas used to calculate the carbonate carbon content (TIC) and
then the calcium carbonate content, assuming that all carbonate is
calcite.
Fig. 3. Field pictures of the Patrocinio Formation. (A) General view of continuous outcrop from Jurassic to Lower Aptian in the Cuchía area. (B) Field picture of the fully exposed Lower
Aptian Patrocinio Formation in the coastal cliff of the Playa de Los Caballos beach. (C–D) Field position in the Cuchía outcrop of the Early Aptian δ13C segments of the
chemostratigraphic curve deﬁned by Menegatti et al. (1998).
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To analyse the C-isotope composition of the bulk carbonate carbon
(δ13Ccarb), 72 powdered samples were treated with 100% orthophos-
phoric acid, using the conventional digestion method (McCrea, 1950).
The δ13Ccarb composition of the evolving CO2-gas was analysed with a
SIRA-II mass spectrometer equipped with an “ISOCARB” automatic
system at the University of Salamanca (Spain). The δ13C composition of
the organic matter fraction of the 72 rock samples (δ13Corg) was
analysed in the Stable Isotope Laboratory of theUniversity of East Anglia
(UK). For this determination, all the carbonate material was previously
removed from the samples by digesting them several times in a 10%
hydrochloric acid solution until there was no evidence of ﬁzzing, which
indicates the removal of all inorganic carbon. The samples were then
washed several times with de-ionised water to remove the HCl traces.
The washed residues were dried in an oven between 50 and 80 °C and
then analysed using a Finnigan Delta Plus XP, on-line with a Costech
elemental analyser. The results are expressed in the common δ-notation
in per mil (‰) relative to VPDB-standard. The international carbonate
standard NBS-19 (National Bureau of Standards; δ13C=1.95‰) and a
laboratory internal standard (ISA; δ13C=−2.47‰) were used to
calibrate the δ13Ccarb values, with an average precision of 0.01‰
(n=3). The pattern used for the δ13Corg composition was a laboratory
internal standard, with an average precision of 0.1‰ (n=12).
3.3. Palaeontological analyses
Regarding the study of nannofossils, a total of 55 marly samples
from the Cuchía and La Florida sections were prepared and examined.
The slides for nannofossil analysis were processed according to
standard techniques and were studied under a magniﬁcation of
1250× using a light polarized microscope. The biostratigraphic events
reported by Applegate and Bergen (1988) and Aguado et al. (1999)
were used for the deﬁnition of biozones and zonal boundaries.
The planktonic foraminifera assemblages were studied in 40 marly
samples only from the Cuchía section, because in the samples of La
Florida the planktonic foraminifera were scarce and poorly preserved.
The samples were disaggregated and washed through sieves, the
residue being separated into three fractions (N200 μm, 100–200 μm,
and 50–100 μm). Although the three fractions were studied, the richest
planktonic foraminiferal assemblages were found in the 100–200 μm
fraction. The planktonic foraminifers were studied using optical and
electronic (SEM) observations.
Ammonites are scarce in the study area and appear only at discrete
levels but with high occurrence within these levels. All the specimens
studied here come from two ammonites-rich levels of the Cuchía
section. The specimens were collected during ﬁeldwork surveys, and
are now deposited in the collections of the Colleccions de Paleonto-
logia de la Universitat Autònoma in Barcelona (PUAB) and the Museo
Geominero (IGME) of Madrid. Additional specimens were also
supplied by the Museo Geológico del Seminario of Barcelona
(MGSB) and by a particular collection (Manuel Díaz, Cantabria).
Six sampleswere prepared for palynological studies in the laboratory
ofALICONTROL(Madrid, Spain). The rock sampleswere treated following
the standard palynological preparation technique (Batten, 1999), which
consists in an acid attackwithHCl, HF andHNO3 at high temperature. The
residue was concentrated and sieved throughout sieves of different grid
sizes (500, 250, 75, 50 and 12 μm). Then, the samples were mounted in
glycerin jelly on glass slides for light microscope. The samples were
studied with an Olympus BX51 optical microscopy. Only four samples
yielded representative and well-preserved assemblages (i.e. Canales-
Patrocinio, Sop-Patrocinio, Ru-Cuchía and Ru-Reocín, with 771, 430, 476,
and 391 palynomorphs respectively).
4. Stratigraphy
Previous work on the Lower Aptian succession of the NCB is
relatively limited. Earlier stratigraphic and biostratigraphic frameworks
had been established by Ramírez del Pozo (1972), Collignon et al.
(1979), Hines (1985) and Wilmsen (2005), and have been recently
revised and updated by Najarro et al. (2007, 2010). A simpliﬁed
lithostratigraphy of the two studied areas is provided in Fig. 4.
In the area of La Florida, the Mesozoic sedimentary record starts
with a thick (~600 m average) succession of Lower Triassic continen-
tal red mudstones, sandstones and conglomerates (“Buntsandstein”
facies) resting unconformably on folded (Variscan deformation)
Carboniferous basement (Fig. 4). The Upper Triassic, Jurassic and
lowermost Cretaceous successions are absent in this sector (Fig. 4),
most probably because during the Late Jurassic–Early Cretaceous
rifting stage the area was subjected to erosion and non-deposition. In
contrast, in the Cuchía area the oldest outcropping deposits
correspond to the Upper Triassic (Keuper evaporitic mudstones and
dolostones), and are overlain by Lower Jurassic (Hettangian–Pliens-
bachian) marine carbonates. These deposits are truncated by an
angular unconformity and karstiﬁcation surface that separates tilted
marine Jurassic strata from overlying Lower Cretaceous continental
red beds. As in the area of La Florida, Upper Jurassic and lowermost
Cretaceous deposits are also absent and sedimentation restarted in
the Hauterivian–Barremian with deposition of ~100 m of ﬂuvial
deposits (“Wealden” or Pas Group; Pujalte, 1982).
Rapid marine transgression occurred in the earliest Aptian, leaving
deposits that in both areas unconformably overlie either the conti-
nental “Wealden” facies or the pre-Cretaceous substratum. The Aptian
lithostratigraphy of the study area is organized into six stratigraphic
units, named as follows from oldest to youngest (Fig. 4). 1) Rábago
Formation (0–12 m thick; lower Bedoulian, lower Palorbitolina
lenticularis zone), which is a shallow marine mixed carbonate–
siliciclastic unit that represents the initial marine transgression. This
unit is absent in the Cuchía area (Fig. 4). 2) Umbrera Formation (lower
Bedoulian,P. lenticularis zone). This unit (0–52 m thick) consistsmostly
of cross-bedded skeletal-oolitic grainstones and rudstones, interpreted as
shallow platform agitated shoal deposits (Najarro and Rosales, 2008a;
Najarro et al., 2010). This unit thickens toward basin depocentres and
pinches out toward marginal uplifted areas. 3) Patrocinio Formation
(~30–80 m), the focus of this study, is made of openmarinemarls, marly
siltstones and locally sandstones. Previous biostratigraphic data from this
marly unit give associations of benthic foraminifera and ammonite fauna
indicative of an Early Aptian age (Collignon et al., 1979). 4) San Esteban
Formation (0–40 m), is characterized by metre to decimetre bedded,
shallow platform rudist and coral limestones with P. lenticularis
(Blumenbach), Choffatella decipiens Schlumberger and Iraquia simplex
Henson (Pascal, 1985), which indicate a late Early Aptian (upper
Bedoulian) age. 5) Rodezas Formation (0–80 m; uppermost Bedoulian–
lower Gargasian, according to Collignon et al., 1979) is characterized by
marine sandstones, grainstones, marly limestones and marls with large
oysters (Exogyra) and ammonites. It grades upwards and laterally to the
Reocín Formation. 6) Reocín Formation (80–250 m; upper Gargasian–
Clansayesian;Orbitolina (Mesorbitolina) texana texana and Simplorbitolina
manasibenthic foraminiferal zones; Ramírez del Pozo, 1972) is composed
of shallow water coral-rudist limestones and grainstones. The San
Esteban and Rodezas formations are absent in the less-subsident basin
margin of La Florida area located to the west. Thus, in the La Florida
section, the Reocín Formation lies directly over the Patrocinio Formation
(Fig. 4).
5. Results
5.1. Lithostratigraphic and chemostratigraphic data
5.1.1. La Florida section
In La Florida section, the Patrocinio Formation comprises a 31 m
thick succession of fully marine argillaceous marls overlying ~13 m of
shallow marine limestones and orbitolinid siltstones of the Rábago
and Umbrera formations (Fig. 5). The latter is represented here by less
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Fig. 4. Lithostratigraphy of La Florida and Cuchía areas. Chronostratigraphy after Gradstein (2004). P.G. = Pas Group.
Fig. 5. La Florida section, showing the lithological log, δ13Ccarb, δ13Corg, total organic carbon (TOC) and CaCO3 data. Legend applies for Figs. 6, 7, and 10.
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than 1 m of skeletal grainstones that pinch over an unconformity
surface marked by dissolution and coated by iron oxides (Najarro and
Rosales, 2008a; Najarro et al., 2010). This unconformity separates the
Umbrera grainstones from the Rábago unit underneath; thus, a certain
stratigraphic gap exists here between the two limestone units. Above,
the facies of the Patrocinio Formation corresponds to homogeneous
dark marls showing good lamination, pyrite framboids and rare
belemnites. At the top of the unit, the content of siliciclastic silt and
bioclastic remains increases, and evidence of activity of benthic fauna
appears, represented by bioturbation and orbitolinids. This suggests
rapid shallowing in the last few metres of the Patrocinio Formation
before recovery of shallow water carbonate sedimentation (Reocín
Formation).
The total organic carbon content (TOC) of the Patrocinio Formation
in this section is relatively low, with values ranging from 0.1 to 0.5 wt.%.
The results present threedistinctive segments (Fig. 5). Theﬁrst segment,
at the base of the Patrocinio Formation (12–19 m, samples PN-1 to PN-4,
Fig. 5), shows maximum TOC values at the bottom that progressively
decrease from 0.5 to 0.3 wt.%. The second segment (19–22 m, samples
PN-4 to PN-6, Fig. 5) displays a rapid spike to higher values up to 0.5 wt.
%. The values decrease again in the third segment located at the upper
part of the Patrocinio Formation (22–39 m, samples PN-6 to PN-14,
Fig. 5), which exhibits values ﬂuctuating around 0.3 wt.% and ﬁnally
reaches aminimum of 0.1 wt.% at the top. Calcium carbonate content of
these samples ﬂuctuates between 0.1 and 27.6 wt.% (Fig. 5). There is no
correlation betweenTOC andCaCO3 contents, except for themiddle part
of the marly unit (19–27 m, samples PN-4 to PN-8, Fig. 5), which
exhibits a roughly negative correlation of these two values. Thus, in this
part of the succession, the highest concentration of calcium carbonate
(27.6 wt.%, sample PN-8) correlates with a minimum of TOC, and the
opposite. In the uppermost part of the Patrocinio unit, the terrigenous
input is important, as shown by a higher proportion of quartz silt and
mica. This part of the section is characterized by the lowest CaCO3
values, which stay below 1 wt.%.
Carbon isotope values of the carbonate and organicmatter fractions
of the samples record signiﬁcant negative excursions across the
Patrocinio Formation in La Florida section. The organic C-isotope
values (δ13Corg in Fig. 5) range between −21.2‰ and −25.2‰ and
show three prominent negative spikes. From the bottom, the C-isotope
curve starts with values of−22.2‰ and decrease sharply to−24.8‰
at 15 m, resulting in a ﬁrst negative excursion of 2.6‰ in magnitude.
This is followed by a return to more positive values (−21.6‰) similar
to those observed before the spike. The following δ13Corg values show a
gradual decrease towards more negative values, reaching a minimum
of −25.2‰ at 23 m (second negative spike of 3.5‰ in magnitude).
Then, the values change progressively to more positive values and
peak at values of−22.6‰ at 31 m. The negative trend of the δ13Corg is
resumed, and at 37 m the curve displays a third negative spike of
−24.6‰ (~2‰ in magnitude). Finally, the upper part of the Patrocinio
Formation records a rapid rise in the δ13Corg values, showing the
highest value (−21.2‰) at the top of the studied segment (Fig. 5).
The δ13Ccarb values measured in La Florida section range between
−4.5‰ and +3.6‰. In their temporal record, three major segments
can be recognized. In the ﬁrst segment (0–12 m, samples LA-1 to LA-
13; Fig. 5), the carbonate carbon isotope curve presents relatively
stable positive values of 1.6 to 2.7‰ (mean of +2.2‰). The second
segment (12–39 m, samples PN-1 to PN-14; Fig. 5), which correlates
with deposition of the Patrocinio Formation, is characterized by a
remarkable negative excursion (~6‰ in magnitude) from values of
+1.6‰ just beneath the base of the unit to −4.5‰ at its top. This
negative shift occurs in three steps, each of which records progres-
sively more negative peak values (−2.9‰, −4.1‰ and −4.5‰
respectively). Finally, a return to δ13Ccarb positive values occurs at
the top of the section (39–64 m, samples PN-15 to LA-19, Fig. 5),
coinciding with the recovery of the carbonate sedimentation and the
installation of a shallow carbonate platform. In this segment, the
δ13Ccarb values vary from+2.5‰ to +3.6‰, which are slightly higher
than those obtained from the ﬁrst segment.
5.1.2. Cuchía section
The Lower Aptian succession exposed at the Playa de los Caballos
beach can be subdivided into four parts (Figs. 3, 6): (1) a lower part
(~24 m thick) of cross-bedded rudstones and grainstones of the
Umbrera Formation. The contact with the continental Wealden facies
underneath is sharp and erosional in places, and the Rábago
Formation is absent here (Fig. 4). (2) A second part (from 24 to
75 m; Figs. 3B–C, 6), which here corresponds to the lower part of the
Patrocinio Formation, is composed mainly of dark clayey marls with
red ironstones nodules. Two levels (at 30 and 36 m respectively,
Fig. 6) of nodular bioclastic limestones with ammonites and remains
of brachiopods, echinoids, bivalves, orbitolinids, the mecochirid
decapod Meyeria magna M'Coy, as well as wood debris are
intercalated. These levels represent the two horizons with ammonites
described by Collignon et al. (1979). (3) The third part of the
succession corresponds to the upper part of the Patrocinio Formation,
and is formed of ~30 m of heterolithic alternations of carbonaceous
and mica-rich claystones, siltstones and cross-bedded quartz sand-
stones, organized in a coarsening- and thickening-upwards sequence
(Fig. 3D). This part of the succession represents a local delta
progradation at the top of the Patrocinio Formation (Wilmsen,
2005). 4) Above, the shallow platform carbonate sedimentation
recovered, and the sedimentary facies change gradually to orbitolinid-
rich sands and coral-rudist limestones (San Esteban Formation).
The TOC content of the Patrocinio Formation in the Cuchía section is
low (Fig. 6), and although slightly higher than in the La Florida section,
all values are below 1 wt.% (i.e. 0.1 to 0.8 wt.%). In general terms, four
segments can be roughly differentiated. The ﬁrst segment at the base
of the Patrocinio Formation shows a decrease from0.5 wt.% to 0.2 wt.%.
The second segment (40.5–51.5 m; Fig. 6) displays an increase to TOC
values up to 0.5 wt.%. The third segment (51.5–73 m; Fig. 6) exhibits a
progressive decrease until reaching a minimum of 0.1 wt.%. Finally,
maximum TOC values of 0.8 wt.% are obtained in the last segment at
the top. The calcium carbonate content of the samples ranges between
0.8 and 47.5 wt.% (Fig. 6) and shows no correlation with the TOC
content. The lower values are obtained in the upper part of the
Patrocinio Formation, coinciding with the lithological change to
siliciclastic deposits.
The carbon isotope composition of the bulk organic matter
measured across the Patrocinio Formation in the Cuchía section
varies from −21.3‰ to −26.1‰ (Fig. 6). In the lower part, the
isotopic signal shows a signiﬁcant negative shift in δ13Corg of ~5‰
(26.5 m of the section), from values that ﬂuctuate between −22.8‰
and−20.7‰ to values of−26.1‰. Values remain predominantly low
(below−24‰) between 26.5 and 45 m (Fig. 6), with the exception of
one sample at the base. Next, there is an increase in the δ13Corg signal
up to values of −21.4‰ at 48.5 m. The succeeding portion of the
carbon isotope curve is deﬁned by a gradual decrease of the δ13Corg
signature that peaks at values of−25.6‰ at 54 m, recording a second
negative excursion of 4‰ in magnitude. This is followed by an
increase toward values of ~−22.3‰with small-scale ﬂuctuations. The
δ13Corg values fall again to relatively constant values of ~−25.4‰
between 66–73 m (Fig. 6), which represent a third negative excursion
of ~3‰. Finally, in the upper part of the section the δ13Corg values
show an increase to values of ~−22.8‰ coinciding with the more
siliciclastic upper part of the Patrocinio Formation.
The carbonate carbon isotope composition measured in the Cuchía
section varies signiﬁcantly from +4.1‰ to −3.6‰, recording a
prominent negative excursion during deposition of the marly lower
part of the Patrocinio Formation (Fig. 6). The structure of the δ13Ccarb
curve reproduces the three segments observed in La Florida section,
but with some differences. The ﬁrst of these, at the base of the section,
starts with positive values but with a clear decreasing trend upwards
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from +2.5‰ in the Umbrera Formation to −2.0‰ at the base of
Patrocinio Formation. The second segment coincides with the marly
lower part of the Patrocinio Formation, and records a notable negative
excursion. The high-resolution quality of this segment of the curve
allows recognition of two negative peaks within the overall negative
excursion (Fig. 6). The ﬁrst, at 29.5 m, reaches a minimum δ13Ccarb
value of −3.6‰, implying a negative excursion of 3‰ in magnitude.
The second peak (δ13Ccarb=−3.1‰) appears at 70.5 m and shows a
negative excursion of ~2‰. Between these two peaks (30.5–69.5 m),
the carbonate carbon isotope composition is relatively constant with a
mean value of−1‰ (Fig. 6). Finally, the third segment of the isotope
curve is recorded across the limestone of the San Esteban Formation.
This segment is characterized by a stepwise increase of δ13Ccarb to
values as high as +4.5‰, with a mean of +3‰.
5.2. Biostratigraphic data
To evaluate the impact of the OAE 1a event in the studied series
and to correlate its geochemical record with coeval records in other
regions, the age of the event must be adequately calibrated using
biostratigraphic data. Ammonites may offer one of the highest-
resolution biostratigraphic frameworks for the position of the OAE 1a
(e.g. García-Mondéjar et al., 2009; Moreno-Bedmar et al., 2009),
although they are usually scarce. For this last reason, in recent years
the biostratigraphic schemes of the OAE 1a have been essentially
based upon planktonic foraminifera and calcareous nannofossils (e.g.
Aguado et al., 1999; Ando et al., 2008; Bralower et al., 1994; Erba et al.,
1999; Gea et al., 2003; Luciani et al., 2001). In this study, the
biostratigraphic position of the Patrocinio Formation was constrained
using four different fossil groups: ammonites, calcareous nannofossils,
planktonic foraminifera and palynomorphs.
5.2.1. Ammonites
Only the Cuchía section has yielded ammonite fauna. Ammonoids
from this section were previously studied by Collignon et al. (1979),
who identiﬁed two horizons within their “Formation terrigène
à Ammonites” (corresponding to the Patrocinio Formation). On the
basis of their determinations, Collignon et al. (1979) attributed their
lower horizon to the Prodeshayesites ﬁssicostatus and Deshayesites
forbesi Zones, and the upper one to the Deshayesites deshayesi and
Tropaeum bowerbanki Zones of the zonal scheme proposed by Casey
(1961). Therefore, according to Collignon et al. (1979), all the Lower
Aptian ammonite zones would be represented within these two
horizons. This stratigraphic interpretation was recently accepted as
valid by Wilmsen (2005).
In this study, it has also been possible to recognize the two
horizons identiﬁed by Collignon et al. (1979) at the lower part of the
Patrocinio Formation, but the biostratigraphic attributions reported
here are rather different (Fig. 7). The new ammonite assemblages
yielded by this study from the two ammonite-rich levels are
represented in Figs. 7 and 8. The lower level has yielded Deshayesites
cf. forbesi Casey, Deshayesites cf. callidiscus Casey, Roloboceras cf.
hambrovi (Forbes), Pseudohaploceras liptoviense (Zeuschner), Pseudo-
saynella undulata (Sarasin), and Toxoceratoides sp. ind. The upper
horizon has provided Deshayesites cf. consobrinus (d'Orbigny),
Deshayesites planus Casey, D. cf. forbesi Casey R. hambrovi (Forbes),
Roloboceras sp. ind., Pseudosaynella bicurvata (Michelin), Toxocera-
toides sp. ind., and the nautiloid Heminautilus saxbii (Morris). The
specimens from the Cuchía section deposited in the collections of the
Museo Geológico del Seminario in Barcelona (MGSB) and the Museo
Geominero (IGME) inMadrid, and in a particular collection, have been
identiﬁed as Deshayesites sp. callidiscus Casey, D. cf. forbesi Casey, D.
planus Casey, R. hambrovi (Forbes), Roloboceras sp. ind., P. undulata
(Sarasin), and Toxoceratoides royerianus (d'Orbigny). All these
assemblages can be attributable to the Deshayesites weissi Zone of
the standard Mediterranean Zonation (Reboulet et al., 2009). In fact,
all the mentioned deshayesitid species are characteristic of this
biozone, equivalent to the D. forbesi Zone of Casey (1961). Further-
more, the occurrence of Roloboceras in both horizons suggests that the
entire segment of the section correlates with themiddle/upper part of
the D. weissi Zone (Casey, 1961; Casey et al., 1998; Moreno-Bedmar et
al., 2009). The striking differences with the conclusions of Collignon et
al. (1979) can only be explained by divergences in the taxonomic
interpretation of ammonites.
Fig. 6. Cuchía section, showing the lithological log, δ13Ccarb, δ13Corg, total organic carbon (TOC) and CaCO3 data. See Fig. 5 for lithological legend.
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5.2.2. Calcareous nannofossils
Nannofossils are not very abundant in the samples and present a
moderate preservation and a scarce diversity. The assemblages (Figs. 7,
9 and 10), of marked Tethyan character, are dominated by the genera
Watznaueria, Rhagodiscus and Nannoconus. Abundant species include
Assipetra terebrodentaria, Hayesites irregularis, Zeugrhabdotus noeliae,
Lithraphidites carniolensis, Biscutum ellipticum, Discorhabdus ignotus,
Diazomatolithus lehmanii and Micrantholithus obtusus. Other charac-
teristic but less abundant forms include Cyclagelosphaera margerelii,
Braarudosphaera africana, Flabellites oblongus, Assipetra infracretacea
and Helenea chiastia. As can be seen in Figs. 7, 9 and 10, most of the
samples of the Patrocinio Formation in the two studied sections
contain the associationH. irregularis,Nannoconus truittii,B. africana and
Conusphaera rothii typical of themiddle/upper part of theH. irregularis
nannofossil Zone, according to the zonation of Applegate and Bergen
(1988) and Aguado (1994). This assemblage is correlated with the
Deshayesites weissi ammonite Zone (Aguado et al., 1999). The
quantitative analysis of the nannofossil abundance has revealed a
widespread absence of narrow canal nannoconids (i.e., Nannoconus
steinmannii), which can be identiﬁed with the “nannoconid crisis”
inferred for the same time interval by Erba (1994). The “nannoconid
crisis” is recorded in the upper half of the H. irregularis Zone (Aguado
et al., 1999; Erba, 1994), andmay be correlated with themiddle/upper
part of the D. weissi ammonite Zone.
These observations allow to conclude that, in the Cuchía section,
the dark clayey marls of the lower part of the Patrocinio Formation
(samples PCL-1 to PCL-40 in Fig. 7, and C3 segment in Fig. 3C) belong to
the upper half of the Hayesites irregularis nannofossil Zone, being
equivalent to the middle/upper part of the Deshayesites weissi
ammonite Zone of the Lower Aptian. In La Florida section (Fig. 10),
most of the Patrocinio Formation (up to sample PN-12) belongs also to
the upper half of the H. irregularis nannofossil Zone. The ﬁrst
occurrence (FO) of Eprolithus ﬂoralis is registered from sample PN-12
onwards (Fig. 10). This biostratigraphic event enables the assignment
of the uppermost part of the Patrocinio Formation in this section to the
Rhagodiscus angustus nannofossil Zone (deﬁned as the interval
between the FO of E. ﬂoralis and the FO of Praediscosphaera columnata).
According to Aguado et al. (1999) the base of the R. angustus
nannofossil Zone falls within the upper part of the Dufrenoyia furcata
ammonite Zone and is dated as latest Early Aptian. Therefore, in the La
Florida section there exists a stratigraphic gap affecting at least the
upper part of the Lower Aptian. This would comprise the uppermost
part of the D. weissi, the whole Deshayesites deshayesi and the lower
part of the D. furcata Zones of ammonites.
5.2.3. Planktonic foraminifera
Although in general planktonic foraminifera are scarce in the
samples of the Cuchía section, only the lowermost part of the
Patrocinio Formation has not yielded planktonic foraminifera (from
samples PLC-1 to PLC-3, Fig. 7). The planktonic foraminiferal
assemblages are characterized by forms with smooth microperforate
wall having four or ﬁve rounded chambers (Fig. 11). The samples are
characterized by forms assigned to the genera Praehedbergella
(Praehedbergella sigali, 6–11 in Fig. 11; Praehedbergella aptiana,
20–23 in Fig. 11; Praehedbergella infracretacea, 14–19 in Fig. 11;
Praehedbergella occulta, 3–4 in Fig. 11; Praehedbergella convexa, 5 in
Fig. 11; Praehedbergella praetrocoidea, 1–2 in Fig. 11; Praehedbergella
gorbachikae, 24–25 in Fig. 11; Praehedbergella tuschepsensis, 12–13 in
Fig. 11; Praehedbergella laculata) and Blowiella (Blowiella blowi, 26–28
in Fig. 11; Blowiella duboisi, 29–31 in Fig. 11, Blowiellamaridalensis). No
typical forms of Schackoina (Schackoina cabri) were found in the
studied samples of this section. The ﬁrst occurrence (FO) of B. duboisi
and P. gorbachikae was found in sample PLC-14 (Fig. 7). These
bioevents have been shown to happen in the upper part of the
B. blowi Zone, and precede the ﬁrst occurrence of S. cabri at the lower
part of the main anoxic event in south Spain (Aguado et al., 1999; Gea
et al., 2003). According to these data (Fig. 7), the studied part of the
section (at least up to sample PLC-40) is assigned to the upper part of
the B. blowi planktonic foraminiferal Zone (Moullade, 1974; Moullade
et al., 2002). In this section, this biozone is correlated with the upper
half of theHayesites irregularis nannofossil Zone and themiddle/upper
part of the D. weissi ammonite Zone.
Fig. 7. Cuchía section, showing calcareous nannofossils, placktonic foraminifera and ammonites biostratigraphy. See Fig. 5 for lithological legend.
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Fig. 9. Calcareous nannofossils. 1–5, Nannoconus truittii (picture 2 to parallels nicols). 6–8, Assipetra terebrodentaria (large specimens). 9, Manivitella pemmatoidea. 10, Helenea
chiastia. 11, Braarudosphaera africana.12, Micrantholithus obtusus. 13, Micrantholithus stellatus. 14, Nannoconus kamptneri. 15, Nannoconus steinmannii. 16, Nannoconus bucheri. 17,
Nannoconus circularis. 18, 19, Eprolithus ﬂoralis. 20, 21, Rhagodicus gallagheri. 22, Micrantholithus hoschulzii. 23, 24, Braarudosphaera africana. 25, Assipetra infracretacea. 26,
Rhagodiscus asper. 27,Watznaueria barnesae. 28–31, Hayesites irregularis. 32, 33, Flabellites oblongus. 34, Cyclagelosphaera margerelii. 35,Watznaueria britanica. All Figures c. ×3000.
Scale bar for all pictures=5 μm.
Fig. 8. Ammonites. A: Deshayesites cf. forbesi, lateral and ventral view of the specimenMGSB (Museo Geológico del Seminario de Barcelona) 18730-3. B: Deshayesites cf. forbesi, lateral
view of the specimen MGSB 1870-2. C: Deshayesites cf. forbesi, lateral and ventral view of the specimen MGSB 18730-1. D: Deshayesites cf. forbesi, lateral and ventral view of the
specimen PUAB (Colleccions de Paleontologia de la Universitat Autònoma de Barcelona) 68536, horizon 1. E:Deshayesites cf. forbesi lateral view of the specimen PUAB 68533, horizon
1. F: Deshayesites cf. forbesi, lateral and ventral view of the specimen PUAB 68545, horizon 1. G: Deshayesites planus, lateral view of the specimen PUAB 68554, horizon 2.
H: Deshayesites planus, ventral view of the specimen PUAB 68555, horizon 2. I: Deshayesites planus, lateral and ventral view of the specimen PUAB 68557, horizon 2. J: Deshayesites
planus, lateral view of the specimen PUAB 68559, horizon 2. K: Deshayesites cf. forbesi, lateral and ventral view of the specimen PUAB 68562, horizon 2. L: Deshayesites cf. consobrinus,
lateral and ventral view of the specimen PUAB 68561, horizon 2. M: Deshayesites cf. consobrinus, lateral and ventral view of the specimen PUAB 68563, horizon 2. N: Deshayesites sp.
cf. callidiscus, lateral view of the specimenMGSB 18730-4.O: Pseudosaynella bicurvata, lateral view of the specimen PUAB 68564, horizon 2. P: Pseudosaynella undulata, lateral view of
the specimen PUAB 68538, horizon 1. Q: Pseudosaynella undulata, lateral view of the specimen MGSB 18730-5. R: Pseudohaploceras liptoviense, lateral view of the specimen PUAB
68534, horizon 1. S: Roloboceras sp., ventral view of the specimen PUAB 68542, horizon 1. T: Roloboceras sp., microconch, lateral and ventral view of the specimen PUAB 68552,
horizon 2. U: Roloboceras sp., ventral view of the specimen PUAB 68532, horizon 1. V: Roloboceras sp., macroconch, lateral and ventral view of the specimen MGSB 78706.
W: Roloboceras sp., microconch, ventral view of the specimen MGM (Museo Geominero, IGME) 10807C. X: Roloboceras hambrovi, macroconch, lateral and ventral view of the
specimen MGM 10809C. Scale bar=1 cm.
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5.3. Palynomorphs
An exploratory palynological study has been carried out in order to
compare patterns of distribution of terrestrial ﬂoras during the onset
of the OAE 1a (samples Canales-Patrocinio and Sop-Patrocinio, from
marls of the Lower Aptian Patrocinio Formation, Table 1) and after the
OAE 1a (samples Ru-Cuchía and Ru-Reocín from marls and carbona-
ceous shales of Upper Aptian formations, Table 1). In addition, the
palynological analysis yielded some useful age information that can be
used in combination with the other biostratigraphic data.
A total of 24 spores and 34 pollen types, and some poorly
preserved dinoﬂagellate cysts were found (Fig. 12 and Table 1). Due to
their predominance, pollen grains of gymnosperms characterized the
assemblages of the four samples. The majority of the palynomorphs in
the two Lower Aptian samples from the Patrocinio Formation are
constituted by Classopollis (Fig. 12E).
In the Canales-Patrocinio sample both Classopollis (36.4%) and
Exesipollenites tumulus (33.9%) numerically dominate. The genus
Classopollis was produced by conifers of the extinct family Cheirolepi-
diaceae (Taylor and Alvin, 1984;Watson, 1988), while E. tumulus could
be produced by plants of the order Bennettitales (Balme, 1995). The
Canales-Patrocinio sample is also characterized by relatively high
percentages of polyplicate pollen of the genus Ephedripites (8.6%)
(Fig. 12F). This genus is related to the order Ephedrales (Azéma and
Boltenhagen, 1974) and is considered as an inﬂuence of the Northern
Gondwana ﬂoral province (Heimhofer et al., 2004). The calculated
percentages of these latter pollen grains areunusually high for the Early
Cretaceous of the Iberian Peninsula (Trincão, 1990), although they
occur with similar values in the upper Barremian Calizas de Artoles
Formation in the Eastern Iberian Ranges of NE Spain (Solé de Porta and
Salas, 1994). In the Sop-Patrocinio sample Classopollis is the predom-
inant pollen (84.9%), followed by scarce percentages of E. tumulus
(4.4%). Fern spores in the samples of the Patrocinio Formation exhibit
low percentages (1.6% and 6.9% respectively), being essentially
represented by both the schizaeaceous Cicatricosisporites spp. and the
cyatheaceous Deltoidospora australis (Fig. 12B).
The Late Aptian assemblages, represented by the samples Ru-Cuchía
and Ru-Reocín, are distinguished from the Early Aptian assemblages by
a decrease in Classopollis (28.5% and 12.1% respectively), the near
disappearance of Exesipollenites (1% or absent), and a remarkable
increase of poorly preserved bisaccate pollen grains related to conifers
(54% and 67.6% respectively). In addition, a conspicuous percentage of
Alisporites (27% and 17.8% respectively) has been recorded (Fig. 12G).
This pollen is related to seed ferns of the order Peltaspermales (Balme,
1995). Also evident is the appearance of the species Inaperturopollenites
dubius (up to 6.5%), which corresponds with inaperturate and psilate
pollengrains related to the coniferousCupressaceae family (Peyrot et al.,
2007a). The occurrenceof some scarcedinoﬂagellate cysts (Tenuahistrix
Eisenak emend Sarjeant, Pseudoceratium polymorphum (Eisenak) Bint
and Spiniferites sp. in the sample Ru-Reocín, and Callaiosphaeridium
asymmetricum (Deﬂandre and Courteville) Davey and Williams,
Hystrichosphaerina schindewolﬁi Alberti and aff. Criboperidinium sp. in
the sample Ru-Cuchía; Fig. 12H) as well as organic test of foraminifera
indicates a clear marine inﬂuence at these levels.
Pollen grains of ancient angiosperms are very scarce in all the
samples (maximum 2.6%). The presence of seven taxa, however,
indicates that these plants had a relative importance in the plant
communities of the region. The occurrence of a single grain of Tricolpites
in one of the samples of the Patrocinio Formation (Fig. 12C) is
remarkable because it is the oldest record of tricolpate pollen grains
on the Iberian Peninsula. The encountered pollen grainmorphologically
resembles Albian specimens of the species Tricolpites parvus Stanley
from Northwestern Alberta, Canada (Singh, 1971; pp. 187–188, pl. 32,
Figs. 12–17). Although the ﬁrst occurrence of tricolpate pollen grains in
Europe is reported in mid-Barremian strata from the Isle of Wight
(Hughes andMcDougall, 1990), until now the oldest presence known in
the Iberian Peninsula was found in upper Aptian–Albian deposits from
the Basque Cantabrian Basin (Álava province) and Oliete sub-basin
Fig. 10. La Florida section, showing calcareous nannofossil biostratigraphy and the principal palynomorphs content. See Fig. 5 for lithological legend.
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(Teruel province) in Spain (Barrón et al., 2001; Peyrot et al., 2007a,b),
and in lower Albian rocks from the Lusitanian and Algarve basins in
Portugal (Heimhofer et al., 2007). Therefore, although the identiﬁed
palynomorphs represent long stratigraphic ranges across the Early
Cretaceous, the presence of Tricolpites sp. and the dinoﬂagellate cysts
Pseudoceratium polymorphum indicates, however, an age not older than
the mid-Barremian (Hughes and McDougall, 1990; Stover et al., 1996).
6. Discussion
6.1. Time-equivalent facies of the OAE 1a and comparison of δ13C with
other sections
The C-isotope curve of the Early Aptian is one of the best known of
the Cretaceous. Menegatti et al. (1998) subdivided this part of the
C-isotope record from the Cismon section (northern Italy) in a series of
segments that they labelled C2 to C7, which have been accepted to be
globally reproducible (e.g. Ando et al., 2008; Bellanca et al., 2002; Erba
et al., 1999; Herrle et al., 2004; Moullade et al., 1998; Tejada et al.,
2009). Recently, Herrle et al. (2004) reported a detailed carbon isotope
stratigraphy of the Aptian for the Vocontian Basin (SE France) and have
documented a series of segments for the Early Aptian (Ap1–Ap7) that
are almost identical to those of Menegatti et al. (1998), allowing
conﬁrmation of the stratigraphic reproducibility of the structure of the
curve. The curve is basically characterized by positive δ13C values
(around 2.5‰) at the base of the Early Aptian (C2 of Menegatti et al.,
1998) followed by an abrupt and pronounced negative excursion (up to
−4‰), labelled as C3, which coincides with the base of the OAE 1a. A
stepwise return to positive values follows across the black-shale levels
that represent the OAE 1a (Selli level in Italy or Niveau Goguel in
France). This part of the isotopic curve, which corresponds to the
segments C4–C5–C6, precedes the acme of the δ13C positive excursion
(up to 4.5‰) that occurred after the OAE 1a in the S. cabri foraminiferal
Zone (C7 of Menegatti et al., 1998). According to the mentioned
authors, the segment C1 is Barremian in agewhereas segment C8 lies in
the Upper Aptian (G. ferreolensis and G. algerianus foraminiferal Zones;
Rhagodiscus angustus nannofossil Zone). Only the C2 to C7 segments of
the carbon isotope curve of Menegatti et al. (1998) are Early Aptian in
age, and only the C3 to C6 segments are time-equivalent to the OAE 1a,
independently of organic facies development. These segments repre-
sent, therefore, a deﬁnition of the OAE 1a based on C-isotope
stratigraphy, and their identiﬁcation helps to correlate this event in
other basins lacking organic facies with a higher temporal stratigraphic
resolution than that provided by biostratigraphy. The regional value of
these isotopic stages has been already veriﬁed in other localities of the
Spanish basins (Gea et al., 2003; Millán et al., 2009; Moreno-Bedmar
et al., 2009).
Correlation of the reference curve with the isotopic record
obtained from the two sections reported herein, in combination
with the integrated litho- and biostratigraphic data, allows recogni-
tion of the position of these segments, or their absence, in the Aptian
succession of the North Cantabrian Basin. The initial segment of
Fig. 11. Planktonic foraminifera. 1,2, Praehedbergella praetrocoidea. 3,4, Praehedbergella oculta. 5, Praehedbergella convexa. 6–11, Praehedbergella sigali. 12,13, Praehedbergella
tuschepsensis. 14–19. Praehedbergella infracretacea. 20–23, Praehedbergella aptiana. 24,25, Praehedbergella gorbachikae. 26–28, Blowiella blowi. 29–31, Blowiella duboisi. Figs. 1–5
c ×300. Figs. 6–13 c ×500. Figs. 14-31 c ×400.
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positive carbonate C-isotope values (~2.5‰) with an upward
decreasing trend, at the base of the Aptian succession in both sections
(Cuchía and La Forida), can be assigned to stage C2 of the reference
isotopic curve (Figs. 5–6). The signiﬁcant negative excursion that both
the δ13Corg and δ13Ccarb curves present (Figs. 5–6) across the marly
lower part of the Patrocinio Formation can be deﬁnitely assigned to
the stage C3 of Menegatti et al. (1998). The almost identical structure
of this excursion at two distant sections (Cuchía and La Florida) of the
study area and in other sections of the Basque Cantabrian Basin
(Millán et al., 2009), within different palaeogeographic domains,
excludes major diagenetic overprinting. Accordingly, the negative
values of this segment reﬂect a depositional feature and represent the
beginning of the OAE 1a in the North Cantabrian Basin. In the Cuchía
section, stage C4 may correspond to the upper 4 m of the marly lower
part of the Patrocinio Formation (Fig. 6). This level shows a rapid
positive shift in δ13Ccarb to values more positive than those of the pre-
Table 1




(%) (%) (%) (%)
Spores of pteridophytes
Appendicisporites spp. 0 0.0 0 0.0 2 0.4 0 0.0
Cicatricosisporites venustus Deák 1963 0 0.0 0 0.0 0 0.0 1 0.3
Cicatricosisporites spp. 20 2.6 2 0.5 11 2.3 6 1.6
Cingutriletes sp. 2 0.3 0 0.0 0 0.0 0 0.0
Concavissimisporites verrucosus (Delcourt & Sprumont) Delcourt, Dettmann & Hughes 0 0.0 0 0.0 1 0.2 0 0.0
Converrucosisporites sp. 1 0.1 1 0.2 0 0.0 0 0.0
Costatoperforosporites spp. 0 0.0 0 0.0 0 0.0 1 0.3
Deltoidospora australis (Couper 1953) Srivastava 1975 0 0.0 1 0.2 4 0.8 5 1.3
Deltoidospora minor (Couper 1953) Pocock 1970 13 1.7 3 0.7 3 0.6 3 0.8
Deltoidospora sp. 1 0.1 0 0.0 22 4.6 4 1.0
Distaltriangulisporites sp. 0 0.0 0 0.0 4 0.8 0 0.0
Gleicheniidites senonicus Ross 1949 0 0.0 0 0.0 1 0.2 1 0.3
Ischyosporites sp. 0 0.0 0 0.0 3 0.6 1 0.3
Laevigatosporites sp. 1 0.1 0 0.0 0 0.0 0 0.0
Leptolepidites macroverrucosus Schulz 1967 1 0.1 0 0.0 0 0.0 1 0.3
Leptolepidites sp. 8 1.0 0 0.0 0 0.0 0 0.0
Maculatisporites sp. 0 0.0 0 0.0 1 0.2 0 0.0
Neoraistrickia truncata (Cookson 1953) Potonié 1956 1 0.1 0 0.0 0 0.0 0 0.0
Neoraistrickia sp. 0 0.0 0 0.0 1 0.2 0 0.0
Patellasporites tavaredensis Groot & Groot 1962 2 0.3 0 0.0 0 0.0 2 0.5
Punctatisporites sp. 0 0.0 0 0.0 1 0.2 0 0.0
Rubinella major (Couper 1958) Norris 1968 3 0.4 0 0.0 0 0.0 0 0.0
Todisporites major Couper 1958 0 0.0 0 0.0 1 0.2 0 0.0
Undulatisporites sp. 1 0.1 0 0.0 0 0.0 0 0.0
Pollen grains (gymnosperms) 0.0
Alisporites bilateralis Rouse 1959 2 0.3 2 0.5 24 5.0 11 2.8
Alisporites grandis (Cookson 1947) Dettmann 1963 0 0.0 0 0.0 2 0.4 0 0.0
Alisporites spp. 8 1.0 5 1.2 103 21.6 58 15.0
Araucariacites australis Cookson 1947 3 0.4 1 0.2 6 1.3 5 1.3
Callialasporites dampieri Dev 1961 1 0.1 0 0.0 1 0.2 1 0.3
Cedripites sp. 0 0.0 0 0.0 0 0.0 1 0.3
Classopollis classoides Pﬂug 1953 emend. Pocock and Jansonius 1961 118 15.3 46 10.7 23 4.8 9 2.3
Classopollis spp. 163 21.1 319 74.2 113 23.7 38 9.8
Ephedripites zaklinskainae Azema et Boltenhagen 1974 2 0.3 0 0.0 0 0.0 0 0.0
Ephedripites multicostatus Brenner 1963 3 0.4 0 0.0 0 0.0 0 0.0
Ephedripites spp. 61 7.9 2 0.5 0 0.0 0 0.0
Eucommiidites troedsonil Erdtman 1948 2 0.3 0 0.0 0 0.0 1 0.3
Eucommildites minor Groot & Penny 1960 1 0.1 0 0.0 0 0.0 2 0.5
Exesipollenites tumulus Balme 1957 261 33.9 19 4.4 0 0.0 4 1.0
Ginkgocycadophytus nitididus (Balme 1957) de Jersey 1962 5 0.6 0 0.0 0 0.0 3 0.8
Inaperturopollenites dubius (Potonie et Venitz 1932) Thompson et Pﬂug 1953 0 0.0 14 3.3 5 1.1 25 6.5
Inaperturopollenites spp. 12 1.6 7 1.6 11 2.3 7 1.8
Monosulcites chaloneri Brenner 1963 1 0.1 0 0.0 0 0.0 0 0.0
Monosulcites minimus Cookson 1947 ex. Couper 1953 21 2.7 0 0.0 0 0.0 0 0.0
Monosulcites spp. 6 0.8 2 0.5 1 0.2 1 0.3
Perinopollenites elatoides Couper 1958 8 1.0 1 0.2 1 0.2 0 0.0
Pinuspollenites sp. 0 0.0 1 0.2 3 0.6 3 0.8
Podocarpidites sp. 0 0.0 0 0.0 3 0.6 1 0.3
Spheripollenites sp. 8 1.0 0 0.0 0 0.0 0 0.0
Vitreisporites pallidus (Reissinger 1950) Nilsson 1958 0 0.0 0 0.0 2 0.4 0 0.0
Undetermined bisaccate pollen grains of conifers 2 0.3 4 0.9 121 25.4 188 48.7
Pollen grains (angiosperms)
Afropollis sp. 4 0.5 0 0.0 1 0.2 0 0.0
Clavatipollenites hughesii Couper 1958 4 0.5 0 0.0 0 0.0 1 0.3
Clavatipollenites minutus Brenner. 1963 3 0.4 0 0.0 0 0.0 0 0.0
Clavatipollenites sp. (Trichotomosulcate) 1 0.1 0 0.0 0 0.0 0 0.0
Clavatipollenites spp. 4 0.5 0 0.0 0 0.0 0 0.0
Retimonocolpites sp. 1 0.1 0 0.0 0 0.0 0 0.0
Tricolpites sp. 1 0.1 0 0.0 0 0.0 0 0.0
Undetermined angiospermous pollen grains 11 1.4 0 0.0 1 0.2 2 0.5
Total 771 100.0 430 100.0 476 100.0 386 100.0
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C3 stage. Stages C5+C6 cannot be correlated with conﬁdence in this
section because the corresponding time-equivalent facies are prob-
ably represented by the siliciclastic deltaic deposits of the upper part
of the Patrocinio Formation. The positive δ13Ccarb values above the
siliciclastic unit are correlated in age with stage C7 (Fig. 6), which is
registered across the shallow platform limestones of the San Esteban
Fig. 12. Selected palynomorphs of the Aptian of the North Cantabrian Basin (NWmargin of the Basque Cantabrian Basin): A. Trichotomo sulcate pollen grain of Clavatipollenites sp.,
Canales-Patrocinio sample; B. Trilete and psilate spore of the species Deltoidospora australis (Couper) Pocock, Canales-Patrocinio sample; C. Tricolpate pollen grain of Tricolpites sp.
(T. aff. parvus Stanley), Canales-Patrocinio sample; D. Trilete and verrucate spore of Rubinella major (Couper) Norris, Canales-Patrocinio sample; E. Tetrade of Classopollis classoides
Pﬂug emend. Pocock and Jansonius, Canales-Patrocinio sample; F. Polyplicate pollen grain of Ephedripites multicostatus Brenner; Canales-Patrocinio sample; G. Bad preserved
bisaccate pollen grains of Alisporites sp., Ru-Reocín sample; H. Dinoﬂagellate cyst of aff. Criboperidinium sp., Ru-Cuchía sample; I. Monosulcate and psilate pollen grain of
Ginkgocycadophytus nitidus (Balme) de Jersey Cookson ex. Couper, Canales-Patrocinio sample. Graphic scale: 20 μm, except for I: 10 μm.
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Formation (late Early Aptian in age). In contrast, in La Florida section
only stage C3 of the OAE 1a was recorded, because stages C4 to C7 are
cut out within the sedimentary hiatus (Fig. 5).
The main difference of this isotopic record with other reported
records is that the thickness of the stage C3 and the maximum
amplitude of the negative δ13C excursion is much greater than those
published previously for the Tethyan domain, including other sectors
of the Basque Cantabrian Basin (i.e. Aralar sector; Millán et al., 2009).
The most negative values (−3.1 to −4.1‰) are, however, similar to
those published from the DSDP Site 463 (western Mid-Paciﬁc) by
Ando et al. (2008). According to Li et al. (2008), the stage C3may have
a duration of about 41 kyr. This suggests that the great sedimentary
thickness of the stage C3 in the North Cantabrian Basin represents
much higher sedimentation rates, and in consequence allows a higher
resolution study for this stage, than other previous studies. In detail, in
the Cuchía section where the sedimentary record is more complete,
the C3 segment splits into three sub-segments (C3a–C3c, Fig. 6). Sub-
stages C3a and C3c are two peaks of minimum values (below −3‰)
respectively at the base and top of the stage C3. They are separated by
sub-stage C3b, a plateau with a mean value of ~−1‰. The same
isotopic sub-division and values are observed in the section of La
Florida for stage C3 (Fig. 5), although the record is less extended due
to lower sedimentation rates in this area. The third negative δ13C shift
observed in the La Florida section at the top of the Patrocinio
Formation lies above the sedimentary hiatus andwould correspond to
a younger (post-C7 stage) negative isotopic shift. The δ13Corg curves
are roughly parallel with the δ13Ccarb curves, although the excursions
are less deﬁned and not exactly in phase, probably showing similar
effects with respect to carbon sources and temperature-induced
changes of fractionations to those discussed by Méhay et al. (2009).
6.2. Timing of anoxia
According to the biostratigraphic and chemostratigraphic data
presented here, the Patrocinio Formation represents a time of global
environmental perturbations that led to worldwide organic deposi-
tion, possibly as a result of anoxic conditions. This critical event is
marked by a signiﬁcant lithological change from limestone to dark
marlstone and siltstone. Although the TOC values of the dark marls of
the Patrocinio Formation are not very high (up to 0.8 wt.%), oxygen-
deﬁcient conditions are inferred during their deposition from the
presence of well-preserved lamination and pyrite framboids, and
from the absence of evidence for benthic activity except at particular
levels. Moreover, euxinic conditions in the water column during
deposition of the Patrocinio Formation are suggested by preliminary
data from biomarkers that point to the presence of speciﬁc
compounds (i.e. gammacerane and high C29/C30 hopane; Quijano
et al., 2010) indicative of oxygen deﬁcits and reduced salinity, which
may have promoted water stratiﬁcation on these marginal sections
(Erbacher et al., 2001). The low TOC values of the Patrocinio
Formation could reﬂect dilution of organic matter by inorganic
sediment. The low CaCO3 values of the succession suggest high
input of siliciclastic material. Thus, the TOC may be “diluted” by the
high clay and silt content of this unit.
Study of the nannofossils in the Cantabrian sections reveals that the
marls of the Patrocinio Formation were deposited during the biocalci-
ﬁcation crisis, which occurred before and at the beginning of the OAE 1a
in the upper part of theB. blowi or at the base of the S. cabri foraminiferal
Zones (Aguado et al., 1999; Erba et al., 1999). According to other authors
(i.e. Aguado et al., 1999; Bellanca et al., 2002; Bralower et al., 1994; Erba,
1994; Erba et al., 1999; Luciani et al., 2001; amongothers) the beginning
of the “nannoconid crisis” clearly preceded the peak intensity of the
anoxic conditions and themaximumdeposition of organic-rich shales of
the “Selli Level” in otherplaces. In the Tethyan regions, theseblack-shale
levels are usually locatedabove theC3 isotopic stage andbelowtheFOof
Eprolithus ﬂoralis (e.g. Bralower et al., 1994; Erba et al., 1999; Gea et al.,
2003; Leckie et al., 2002; Menegatti et al., 1998). The dark marls of the
Patrocinio Formation were deposited during the C-isotope stage C3,
except for the part above sample PN-12 in the La Florida section.
Therefore, the dark marls of the Patrocinio Formation are not exactly
equivalent to the “Selli Level” but represent slightly older deposits. This
suggests that the oxygen-poor conditions related to the Selli event
occurred relatively earlier in the North Cantabrian Basin, just coinciding
with the nannoconid crisis and thenegative C3 isotopic stage. This study
allows a precise assignment of these events to the middle/upper part of
the Deshayesites weissi Zone and the upper part of the B. blowi Zone.
According to the chemostratigraphic and biostratigraphic data,
another negative excursion of both δ13Corg and δ13Ccarb post-dates
the FO of Eprolithus ﬂoralis in the upper part of the Patrocinio
Formation of La Florida section (above sample PN-12, Fig. 5). This
new negative excursion is placed in the Rhagodiscus angustus
nannofossils Zone. According to the zonation of Aguado et al.
(1999), in the Spanish Tethys the base of R. angustus (and the FO of
E. ﬂoralis) lies in the upper half of the Dufrenoyia furcata Zone of
ammonites (Fig. 13). This implies that the last negative C-isotope
shift could be as old as the upper part of the D. furcata Zone. García-
Mondéjar et al. (2009) and Millán et al. (2009), who studied the
Lower Aptian succession cropping out in Aralar (SE Basque
Cantabrian Basin), recognized organic-rich shales at this stratigraph-
ic position, which they called the “Aparein level”. In their section, the
Aparein level is registered as a negative excursion in δ13C located
above the main Early Aptian C-isotope positive excursion (C7
isotopic stage of the S. cabri Zone according to Menegatti et al.,
1998; Fig. 14). Based on ammonites and their biostratigraphic
attribution of the Aparein level to the D. furcata Zone, these authors
concluded that this is a regional anoxic event older than the Niveau
Noire black-shale horizon deﬁned in France and Switzerland within
the G. ferreolensis foraminiferal Zone (Herrle et al., 2004). However,
the biozonation of Aguado et al. (1999) and a recently revised
ammonite biostratigraphy (Moreno-Bedmar; personal observation)
for south Spain place the base of the G. ferreolensis foraminiferal Zone
in the uppermost D. furcata Zone (Fig. 13). In addition, according to
Föllmi et al. (2006), the onset of the organic-rich layers of the Niveau
Noire in the Vocontian Basin occurs at least in part within the D.
furcata ammonite Zone. Therefore, it is very likely that the Aparein
level of Aralar and the upper part of the Patrocinio Formation in the La
Florida section are equivalent (Fig. 14). The Niveau Noire may be in
part equivalent or may represent slightly younger black-shale
deposits that succeeded the negative C-isotopic anomaly of the D.
furcata Zone, as it occurs with the Selli Level. In that case, the related
negative excursion in δ13Corg and δ13Ccarb recorded in La Florida and
in Aralar would represent a supraregional C-isotope perturbation
particularly observable on the most expanded series of northern
Spain, as has been already suggested by Millán et al. (2009). The
integrated biostratigraphy and chemostratigraphy of the studied
sections from Cantabria allow amore precise location of this isotopic
event between the C7 and C8 chemostratigraphic segments of the C-
isotope curve (Fig. 14).
6.3. Environmental changes
The Early Aptian was a time of severe environmental change,
which resulted in the oceanic anoxic event. A generalized carbonate
crisis also took place, characterized by a signiﬁcant drop in carbonate
production and by a biocalciﬁcation crisis with the near disappear-
ance of narrow canal nannoconids (Erba, 1994; Erba and Tremolada,
2004). Quantitative analysis of nannofossil abundance across the
Patrocinio Formation has demonstrated a scarcity of narrow canal
nannoconids coinciding with the C-isotope negative excursion of the
Cantabrian sections. This suggests that the major changes in
nannofossil assemblages preceding the OAE 1a were extensive and
that the so-called “nannoconid crisis” can be also recognized in
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northern Spain within the C3 stage of the C-isotope curve. This
carbonate crisis was likely induced by oceanic water acidiﬁcation due
to an excess of dissolved CO2 (Weissert and Erba, 2004). At the
moment, the possible triggering mechanisms that have been
considered for this massive emission of CO2 to the ocean–atmosphere
reservoir are methane release from gas hydrate dissociation (e.g.
Beerling et al., 2002; Jahren et al., 2001) and intensive volcanic activity
related to the Ontong Java large igneous province (e.g. Méhay et al.,
2009; Tejada et al., 2009). New Os isotopic records of seawater
preserved in marine sedimentary rocks from Italy seem to support
better the latter hypothesis (Tejada et al., 2009). The rapid release of
13C-depleted CO2 from either a mantle source or gas hydrate
dissociation would have initiated a major carbon cycle perturbation
that resulted in the negative and positive δ13C excursions of the
discussed Early Aptian chemostratigraphic curve (Ando et al., 2008;
Herrle et al., 2004; Menegatti et al., 1998).
Besides perturbations in the carbon cycle, the OAE 1a was also
accompanied by periods of global transgression and drowning of
carbonate platforms (e.g. Föllmi and Gainon, 2008; Föllmi et al., 1994,
2006; Jenkyns, 1991; Weissert et al., 1998). In the North Cantabrian
Basin two periods of maximum deepening occurred within the overall
scenario of the Early Aptian transgression. Based on the biostratig-
raphic ages provided in this work, the ﬁrst maximum deepening is
dated at the middle–upper part of the Deshayesites weissi ammonite
Zone and coincided with the onset of the OAE 1a. The sedimentary
expression of this maximum ﬂooding event across the basin is the
series of dark marls of the lower part of the Patrocinio Formation. The
carbonate stages that preceded this event (Rábago and Umbrera
Formations; Fig. 13) exhibit a clear compositional change from
inferred photozoan to heterozoan styles of carbonate production,
(Najarro and Rosales, 2008b; Najarro et al., 2010). At this time the sea
level rose very quickly and the transgressive facies were characterized
by signiﬁcant clastic inputs and deterioration of the neritic environ-
ments (Najarro et al., 2010). This, coupled with increased basin
subsidence, resulted in the drowning of the carbonate platform just
coinciding with the beginning of the OAE 1a (Najarro and Rosales,
2008b; Najarro et al., 2010). Platform environments were quickly
re-established after this major transgressive pulse, with deposition of
platform-top carbonate facies containing rudists and corals (San
Esteban Formation), attributed to the Deshayesites deshayesi and
lower part of the Dufrenoyia furcata ammonite zones (Fig. 13). These
carbonate deposits represent regressive deposits between the two
transgressive pulses. They are recorded only in the most complete
section of Cuchía and in more subsiding basin sectors. In the uplifted
block of La Florida these carbonate deposits are missing and only the
two maximum transgressions are registered (Figs. 13, 14).
The secondmajor transgressive pulse occurred in the lower part of
the Rhagodiscus angustus nannofossil Zone, equivalent to the upper
part of the Dufrenoyia furcata ammonite Zone. This ﬂooding episode
followed a period of subaerial exposure of the previous San Esteban
Fig. 13. Proposed integrated ammonite, benthic foraminifera (after Pascal, 1985), planktonic foraminifera and calcareous nannofossil biostratigraphic scheme of the Aptian
lithostratigraphic units of La Florida and Cuchía areas. Note the equivalence between the Patrocinio Formation and the Selli event and the Aparein (after Millán et al., 2009) or pre-
Niveau Noir event.




















































































































154 M. Najarro et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 299 (2011) 137–158
Formation (Najarro et al., 2007; Wilmsen, 2005). The transgressive
deposits of this stage, which correlate with the third negative spike in
δ13Ccarb and δ13Corg, are represented in La Florida by the upper marls
of the Patrocinio Formation directly overlying the sedimentary hiatus
(Fig. 13). In Cuchía and other rapidly subsiding sectors, these
transgressive deposits are represented by glauconite-rich marls and
clastic deposits of the lower part of the Rodezas Formation (Fig. 13),
which were deposited on top of the San Esteban platform. Based on
ammonites and δ13C records, this episode appears to be coeval with
the onset of a major transgressive phase registered in other sites
across the Basque Cantabrian Basin. It can be correlated with a
drowning event associated with condensation and glauconitic
deposits in the Castro Urdiales platform (central Basque Cantabrian
Basin; Rosales, 1999). Biostratigraphic data based on ammonites
demonstrated that the platform drowning and subsequent condensed
deposits in Castro Urdiales are late Early Aptian–early Late Aptian in
age (D. furcata to Parahoplites nutﬁeldiensis zones; Rosales, 1999). The
onset of these condensed deposits correlates also with the drowning
of the Sarastarri platform in Aralar (García-Mondéjar et al., 2009). In
other regions, the onset of major drowning and demise of carbonate
platforms have been reported at this time in the Helvetic Alps lasting
until the Late Aptian (Föllmi and Gainon, 2008; Föllmi et al., 1994,
2006). All these events seems to be associated with the onset of the
palaeoceanographic conditions that eventually may have led to
deposition of the organic-rich layers of the Niveau Noir of the
Vocontian Basin (Föllmi and Gainon, 2008).
Another environmental factor usually linked with OAEs is high
global palaeotemperatures. Warm climate conditions accompanying
the Selli Event have been previously inferred for the Cismon section
from low δ18O values and from the abundance of the thermophilic
pollenClassopollis (Hochuli et al., 1999). Indeed, the relative abundance
of climate-sensitive pollen groups, such as Classopollis and bisaccate
pollen,maybe indicative of variations in vegetationdistribution,which
is controlled by palaeoclimatic variations (Vakhrameyev, 1982).
Generally, bisaccate pollen, which typiﬁed the Boreal-inﬂuenced
Southern Laurasian ﬂoral province, indicates relatively cool and
humid conditions, whereas Classopollis constituted an abundant
element of the Northern Gondwana ﬂoral province and its abundance
indicates warmer and drier climates (Heimhofer et al., 2004;
Vakhrameyev, 1982). In this study, the data obtained from the four
analysed palynological samples must be considered with caution
because their contents could not indicate a ﬂoral and vegetational
trend but sporadic episodes. Nevertheless, the high predominance of
Classopollis, Exesipollenites and Ephedripites (pollen grains produced by
plants assumed tobedrought resistant;Hughes, 1991; Thévenard et al.,
2005), in the Lower Aptian samples from the Patrocinio Formation
could be related with a phase of aridity and warmth, which began in
western Europe during the Hauterivian–middle Barremian and
dominated the climate of the region until the Early-Middle Aptian
(Ruffell and Batten, 1990). In contrast, the drastic decrease of these
pollen types and the increase of bisaccate pollen grains in the two
Upper Aptian samples analysed (Ru-Cuchían and Ru-Reocín; see
Fig. 10) suggest important modiﬁcations in the vegetational patterns,
and is interpreted as a change to wet and cooler climates commencing
during the latest part of the OAE1a and lasting after it. These results are
in strong agreement with the palynological studies of the Cismon
section in Italy (Hochuli et al., 1999). A global cooling trend after the
OAE 1a during the Late Aptian, lasting to the Early Albian, is well
documented from oxygen isotopes derived from bulk carbonates
(Ando et al., 2008; Hochuli et al., 1999) and belemnites (Pirrie et al.,
2004), and correlates with an increase of glendonite and ice-rafting
occurrences in high palaeolatitudes (De Lurio and Frakes, 1999; Frakes
and Francis, 1988; Kemper, 1987; Price, 1999; Skelton, 2003a).
Unfortunately, this cooling trend could not be corroborated in a
palynological study of Early and Late Aptian assemblages from El
Maestrazgo (NE Spain) (Solé de Porta and Salas, 1994). Cooler
conditions could be the effect of inverse greenhouse conditions as a
result of the drawdownof CO2 from the systemdue tomassive burial of
organicmatter in the oceanic basins during the OAE 1a (Jenkyns, 2003;
Skelton, 2003b).
7. Conclusions
1. This study presents new chemostratigraphic and biostratigraphic
records from two Lower Aptian sections (La Florida and Cuchía) of
the North Cantabrian Basin, which include the signature of OAE 1a.
This event is expressed by the interruption of shallow shelf
carbonate sedimentation and deposition of a ~40 m thick marly
unit (Patrocinio Formation). This marly unit records an abrupt
negative C-isotope excursion in both bulk organic matter and
carbonates, as has been already observed worldwide in the Early
Aptian at the onset of the OAE 1a, preceding the Selli Level. The
negative anomaly is attributed to the C3 stage of the reference
Aptian C-isotope curve.
2. The data set is well calibrated against a detailed biostratigraphic
scheme based on the integration of new ammonite determinations
and micropalaeontological data (calcareous nannofossils and
planktonic foraminifera). Combination of these biozonations
reﬁnes the age of the C3 isotopic stage as middle–upper part of
the Deshayesites weissi ammonite Zone, upper part of the Blowiella
blowi foraminifera Zone, and upper part of the Hayesites irregularis
nannofossil Zone. A major hiatus in most marginal areas (La
Florida) affecting the C4–C7 segments of the reference isotope
curve has been identiﬁed from the calcareous nannofossils record.
Another δ13Ccarb and δ13Corg negative excursion post-dates the FO
of E. ﬂoralis and is equivalent to the Dufrenoyia furcata ammonite
Zone. This new C-isotope anomaly (pre-Niveau Noir or Aparein
event) can be correlated with deposition of glauconitic marls and
black shales in other parts of the basin, and just precedes the
deposit of black shales in the northern Tethys (Niveau Noir). This
pattern resembles the case of the negative carbon isotope anomaly
of the onset of the OAE 1a preceding the Selli Level.
3. Quantitative analysis of nannofossil abundance shows a scarcity of
narrow canal nannoconids coinciding with the negative excursion
of the Patrocinio Formation. This corroborates former interpreta-
tions of a contemporaneous biocalciﬁcation crisis related to CO2-
induced changes in seawater chemistry in the stages that preceded
the peak anoxic event.
4. Identiﬁcation of a thermal maximum followed by a cooling phase is
suggested by palynomorphs. This study supports the existence of a
Classopollis optimum during the OAE 1a, which is followed by a
decrease in Classopollis and an increase of bisaccate pollen after the
event. Cooler conditions during the latest stage and after the OAE
could be a reversal greenhouse effect resulting from the drawdown
of CO2 due to massive burial of organic matter in the oceanic basins
during the OAE 1a.
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Appendix
List of identiﬁed taxa of nannofossils, planktonic foraminifera,
ammonoids and nautiloids with author attributions and dates.
Calcareous nannofossil
Assipetra infracretacea (Thierstein, 1973) Roth, 1973
Assipetra terebrodentaria (Applegate et al. in Covington & Wise,
1987) Rutledge & Bergen, 1994
Biscutum ellipticum (Gorka, 1957) Grün in Grün & Allemann, 1975
Braarudosphaera africana Stradner, 1961
Conusphaera rothii (Thierstein, 1971) Jakubowski, 1986
Cyclagelosphaera margerelii Noël, 1965
Diazomatolithus lehmanii Noël, 1965
Discorhabdus ignotus (Gorka, 1957) Perch-Nielsen, 1968
Eprolithus ﬂoralis (Stradner, 1962) Stover 1966
Flabellites oblongus (Bukry, 1969) Crux, 1982
Hayesites irregularis (Thierstein in Roth & Thierstein, 1972)
Covington & Wise, 1987
Helenea chiastia Worsley, 1971
Lithraphidites carniolensis Deﬂandre, 1963
Manivitella pemmatoidea (Deﬂandre ex Manivit, 1961) Thierstein,
1971
Micrantholithus hoschulzii (Reinhardt, 1966) Thierstein, 1971
Micrantholithus obtusus Stradner, 1963
Micrantholithus stellatus Aguado, 1997
Nannoconus bucheri Brönnimann, 1955
Nannoconus circularis Déres & Achériteguy, 1980
Nannoconus kamptneri kamptneri Brönnimann, 1955
Nannoconus steinmannii Kamptner, 1931 ssp. steinmannii
Nannoconus truittii Brönnimann, 1955
Prediscosphaera columnata (Stover, 1966) Manivit, 1971
Rhagodiscus angustus (Stradner, 1963) Reinhardt, 1971
Rhagodiscus asper (Stradner, 1963) Reinhardt, 1967
Rhagodiscus gallagheri Rutledge & Bown, 1996
Watznaueria barnesae (Black in Black & Barnes, 1959) Perch-Nielsen,
1968
Watznaueria britannica (Stradner, 1963) Reinhardt, 1964
Zeugrhabdotus noeliae Rood, Hay & Barnard, 1971
Planktonic foraminifera
Blowiella blowi (Bolli, 1959)
Blowiella duboisi (Chevalier, 1961)
Blowiella maridalensis (Bolli, 1959)
Praehedbergella aptiana (Bartenstein, 1965) s.s.
Praehedbergella convexa (Longoria, 1974)
Praehedbergella gorbachikae (Longoria, 1974)
Praehedbergella infracretacea (Glaessner, 1936)
Praehedbergella laculata Banner, Copestake & White, 1993
Praehedbergella occulta (Longoria, 1974)
Praehedbergella praetrocoidea (Krechmar & Gorbachik, 1986)
Praehedbergella sigali (Moullade, 1966)
Praehedbergella tuschepsensis (Antonova, 1964)
Schackoina cabri Sigal, 1952
Ammonites
Deshayesites cf. forbesi Casey, 1961
Deshayesites cf. callidiscus Casey, 1961
Roloboceras cf. hambrovi (Forbes, 1845)
Pseudohaploceras liptoviense (Zeuschner, 1856)
Pseudosaynella undulata (Sarasin, 1893)
Toxoceratoides sp.
Deshayesites cf. consobrinus (d'Orbigny, 1841)
Deshayesites planus Casey, 1964
Pseudosaynella bicurvata (Michelin, 1838)
Heminautilus saxbii (Morris, 1848)
Toxoceratoides royerianus (d'Orbigny, 1842)
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Unusual concentration of Early Albian arthropod-bearing amber in
the Basque-Cantabrian Basin (El Soplao, Cantabria, Northern Spain):
Palaeoenvironmental and palaeobiological implications
The El Soplao site is a recently-discovered Early Albian locality of the Basque-Cantabrian Basin (northern
Spain) that has yielded a number of amber pieces with abundant bioinclusions. The amber-bearing deposit
occurs in a non-marine to transitional marine siliciclastic unit (Las Peñosas Formation) that is interleaved with-
in a regressive-transgressive, carbonate-dominated Lower Aptian-Upper Albian marine sequence. The Las
Peñosas Formation corresponds to the regressive stage of this sequence and in its turn it splits into two smaller
regressive-transgressive cycles. The coal and amber-bearing deposits occur in deltaic-estuarine environments
developed during the maximum regressive episodes of these smaller regressive-transgressive cycles. The El
Soplao amber shows Fourier Transform Infrared Spectroscopy spectra similar to other Spanish Cretaceous
ambers and it is characterized by the profusion of sub-aerial, stalactite-like flows. Well-preserved plant cuticles
assigned to the conifer genera Frenelopsis and Mirovia are abundant in the beds associated with amber. Leaves
of the ginkgoalean genera Nehvizdya and Pseudotorellia also occur occasionally. Bioinclusions mainly consist
of fossil insects of the orders Blattaria, Hemiptera, Thysanoptera, Raphidioptera, Neuroptera, Coleoptera,
Hymenoptera and Diptera, although some spiders and spider webs have been observed as well. Some insects
belong to groups scarce in the fossil record, such as a new morphotype of the wasp Archaeromma (of the family
Mymarommatidae) and the biting midge Lebanoculicoides (of the monogeneric subfamily Lebanoculicoidinae).
This new amber locality constitutes a very significant finding that will contribute to improving the knowledge
and comprehension of the Albian non-marine paleoarthropod fauna.
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Oldest ambers with micro-bioinclusions are known
from the Triassic of Italy (Schmidt et al., 2006), but it
is not until the Barremian-Aptian of Lebanon that
macro-bioinclusions occur more profusely (Azar,
2000; Poinar and Milki, 2001). During the Early Cre-
taceous, amber-bearing deposits become especially
common in the geological record. This was promoted
possibly by the rise and spread of conifers, such as
the Araucariaceae and Cheirolepidiaceae, and by a
palaeoclimate warmer than today due to higher pCO2
levels and significantly different oceanic circulation
and geography (Crowley and North, 1991; Huber et
al., 1995; Haywood et al., 2004). Coinciding with the
initiation of the moist megathermal zone in the North-
ern Hemisphere, amber deposits developed between
29ºN-50ºN during the earliest Cretaceous and extend-
ed to 27ºN to near 70ºN during the Mid Cretaceous
(Morley, 2000). During these periods the Iberian
Peninsula was situated at low latitude, along the
boundary between wet and warm tropical-“paratropi-
cal” climates where coal and other organic-rich rocks
were deposited.
Early Cretaceous ambers bearing fossil inclusions
are scarce, and such localities are of great scientific
interest (Fig. 1). In Cantabria (northern Spain), amber is
relatively widespread in the Cretaceous deposits, and
has been found previously in minor amounts at least at
23 localities. However, in the past none of these locali-
ties had provided amber with arthropod inclusions. An
intensive geological survey in the Lower Cretaceous
succession of northwest Cantabria recently resulted in
the discovery of a new amber locality near Rábago vil-
lage, within the El Soplao territory (Fig. 1B). This site
shows a remarkable accumulation of amber with abun-
dant biological inclusions. The El Soplao amber site
occurs within a Lower Albian siliciclastic unit (Las
Peñosas Formation [Fm.]; García-Mondéjar and Pujalte,
1982). Preliminary data for this new amber accumula-
tion indicate that this is probably the largest site of
amber with arthropod bioinclusions that has ever been
found in Spain so far.
This paper deals with i) documenting this new
finding of arthropod bearing amber as an unusual
concentration, as well as describing its related
deposits in terms of major stratigraphic and sedimen-
tological characteristics, description of the associated
plant cuticles and bioinclusions, and preliminary
study of the amber geochemistry; ii) discussing geo-
logical and depositional features that may help in
understanding the palaeoenvironmental implications
of these deposits and their palaeogeographic context;
and iii) providing an appropriate introduction for
future, more specific studies, on this exceptional new
amber site. 
Emphasis is given in providing a solid sedimento-
logical, palaeoenvironmental and palaeogeographic
framework of this palaeontologically significant deposit
for its exceptional preservation and age.
METHODOLOGY AND TECHNIQUES
Sedimentological and palaeoenvironmental interpre-
tations are based on field observations. Four laterally
correlative stratigraphic sections (Puente Arrudo, Rába-
go, La Florida and Plaza del Monte), belonging to the
Las Peñosas Fm., have been logged at a meter-centime-
tre scale. From these data a W-E cross-section has been
established to display the principal depositional and
palaeoenvironmental features and the stratigraphic dis-
tribution of the amber and coal-bearing unit. Whene ver
possible, rock sampling and measurement of palaeo -
current orientations of selected structures were carried
out to help in sedimentological interpretations.
Pieces of amber were acquired by surface collec-
tion during field work in the area. To characterize the
El Soplao amber, three Fourier Transform Infrared
Spectroscopy (FTIR) spectra of three separate amber
samples and one sample of recent kauri resin -Agathis
australis (D. Don) Lindl. in Loud., 1829- were ob -
tained using an infrared Fourier Bomem DA3 spec-
trometer, in the Molecular Spectrometry Unit of the
University of Barcelona (SCT-UB).
Palaeobotanical samples from plant cuticle-rich
claystones were obtained by macerating the clayey
sediment in hydrogen peroxide and air-drying the
organic residues. Resulting fossil plant fragments
were sorted using both the naked eye and the stereo -
microscope.
The amber was kept wet during screening in order
to improve visibility and to detect arthropod bioinclu-
sions. Screening was done under a stereoscope, using
transmitted and obliquely reflected light. The amber
pieces were cut around the detected arthropods and
then polished to permit optimal study. Drawings of
some specimens were made with the aid of an image
drawing tube, an Olympus V-DA mounted on an
Olympus BX51 stereoscopic microscope. Photomicro-
graphs were made with a digital camera mounted on the
same microscope. The specimens are housed provisiona-
lly in the “Museo Geominero of the Instituto Geológico y
Minero de España” (IGME), in Madrid, Spain.
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PALEOGEOGRAPHICAL DISTRIBUTION OF EARLY-
MID CRETACEOUS AMBER
Early- Mid Cretaceous (Aptian to Cenomanian)
amber occurrences have great scientific interest
owing to their scarcity (Fig. 1). In fact, macrobioin-
clusion-bearing ambers of this age are basically
restricted to four Eurasian areas: Northern Siberia
(Taimyr Peninsula), southeastern Asia (Myanmar),
western Middle-East (Lebanon and Jordan), and
southwestern Europe (Spain and France). A review
of amber localities in the literature was compiled by
Martínez-Delclòs et al. (2004). The four areas were
located within the warm temperate and tropical-
paratropical palaeoclimatic regions (Fig. 1) sensu
Scotese (2000), also referred to as tropical and
south-subtropical Cretaceous climate belts by Spicer
et al. (1994). 
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A) Major Early-Mid Cretaceous (Aptian to Cenomanian) amber occurrences (Redrawn from Blakey, 2008). Amber localities with bioinclu-
sions are symbolized with circles, otherwise green triangles are used. Moreover, yellow circles represent ambers that have only provided micro-
bioinclusions (bacteria, protists, algae and/or fungi). Pink circles account for macrobioinclusion-bearing ambers (essentially arthropods), with the
exception of El Soplao amber, which is designated out with a black star. Broken purple lines delimit palaeoclimatic regions sensu Scotese (2000).
(1) Ruby Creek (Alberta, Canada; Medioli et al., 1990). (2) Ellsworth (Kansas, USA; Waggoner, 1996). (3) Nova Olinda-Santana (Ceará, Brazil; Mar-
till et al., 2005). (4) Middle-East. Wadi Zerka (Amman, Jordan; Bandel et al., 1997; Kaddumi, 2005). Bcharreh, Hammana, and Jezzine, among
others (Lebanon; Azar, 2000; Veltz, 2008). Mt. Hermon (North District, Israel; Greenblatt et al., 1999). (5) Yukhary Agdzhakend (Goranboy, Azerbai-
jan; Ratnitsyn and Quicke, 2002). Russia (Zherikhin and Eskov, 1999; Ratnitsyn and Quicke, 2002). (6) Stary Oskol (Belgorod). (7) Taimyr Peninsula
(Northern Siberia). Baikura-Neru Bay in Lake Taimyr (Central Taimyr). Nizhnyaya Agapa River (West Taimyr). Begichev Fm. in the Khatanga River
(Eastern Taimyr). (8) Khetana River in South of Okhotsk (Khabarovsk Krai). (9) Suyfun Coal Basin (Primorye). (10) Hukawng Valley (Kachin, Myan-
mar; Cruickshank and Ko, 2003). B) Amplified area squared at subfigure A, corresponding to SW Europe. Spain (Arbizu et al., 1999; Alonso et al.,
2000; Peñalver et al., 2007b; Delclòs et al., 2007). (11) El Caleyu and Pola de Siero (Asturias). (12) El Soplao Territory, near Rábago village (Can-
tabria, in this paper). (13) Moraza and Peñacerrada-Montoria (Burgos and Álava respectively). (14) San Just (Teruel). France (Nel et al., 2004; Per-
richot, 2004, 2005; Néraudeau et al., 2005; Perrichot et al., 2007; Néraudeau et al., 2008; Girard, 2008). (15) Archingeay-Les Nouillers, La Buzi-
nie, Cadeuil, Fouras, l’Ile d’Aix, and Les Renardières (Les Charentes). (16) Ecommoy and Durtal (Sarthe and Maine-et-Loire respectively). (17)
Fourtou (L’Aude). (18) Salignac and Sisteron (Alpes-de-Haute-Provence). (19) Schliersee (Bavaria, Germany; Schmidt et al., 2001).
FIGURE 1
In Spain, aside from the frequent occurrence of amber
in Aptian to Cenomanian deposits, only a few localities
show sufficient quantity to be identified as accumulations
(Fig. 1B). In the past, only two of these deposits had
yielded important amounts of bioinclusions in terms of
quantity and quality, specifically the Álava deposits of
Peñacerrada and Montoria (Alonso et al., 2000; Delclòs et
al., 2007) and the San Just outcrop in Teruel (Delclòs et
al., 2007; Peñalver et al., 2007b). In Asturias, although
less significant, amber with bioinclusions has been des -
cribed in El Caleyu and Pola de Siero (Arbizu et al.,
1999) (Fig. 1). The identification of the new amber
deposit of the El Soplao in Cantabria (Figs. 1 and 2)
enlarges the still patchy record of these palaeontological
deposits of exceptional preservation in Spain.
GEOLOGICAL AND PALAEOGEOGRAPHIC SETTING
The recently discovered amber outcrop is located in
the El Soplao territory in northwestern Cantabria (Fig. 2).
This area, located immediately to the north of the
Cabuérniga Ridge, constituted the northwestern margin of
the Basque-Cantabrian Basin during the Cretaceous (Fig.
3). The evolution and current structure of the Basque-
Cantabrian Basin are related to the kinematics between
the European and Iberian plates (Malod and Mauffret,
1990; Olivet, 1996). The inception of the basin occurred
during a Permo-Triassic rifting event. A second exten-
sional phase was related to the opening of the Bay of Bis-
cay during the Late Jurassic-Early Cretaceous (e.g., Rat,
1988; García-Mondéjar et al., 1996). Renewed extension
and perhaps strike-slip faulting along a NW-SE trend
occurred during the Aptian-Albian (e.g., García-Mondéjar
et al., 1996; Martín-Chivelet et al., 2002; Soto et al.,
2007). These tectonic events resulted in the development
of several extensional sub-basins bounded by synsedi-
mentary faults, in which great thicknesses of sediments
accumulated. These sedimentary sub-basins underwent
widespread contraction during the Pyrenean Orogeny in
Late Eocene-Oligocene times (Hines, 1985; Fernández
Viejo and Gallastegui, 2005). Consequently, the present
structure of the study area is the result of the inversion of
the previous Mesozoic extensional and strike-slip struc-
tures.
The studied succession was deposited in the North
Cantabrian sub-basin (NCB) (Fig. 3A), which subsided
moderately for most of Cretaceous time (Martín-Chivelet
et al., 2002; Wilmsen, 2005). The Cabuérgina Ridge (Fig.
3) is an E-W trending fault zone, which bounds this sub-
basin to the south. This palaeo-high represents a previous
Variscan structure that was reactivated through extension-
al faulting during the Mesozoic (Rat, 1988; García-
Espina, 1997).
Structurally, the studied succession was deposited dur-
ing the Cretaceous on an eastward tilted block (Fig. 3B).
The tilted block forms the footwall of the N-S Bustrigua-
do Fault (BF, Figs. 3A and 3C) that bounds to the west
the main Cretaceous depocenter (Figs. 3A and 3B).
Recent geological mapping has shown that the BF
branches at a corner point with the E-W trending North
Cabuérniga Fault (NCF; Fig. 3A); (García-Senz “pers.
comm.”), forming an extensional-linked system, as in the
examples described by Gibbs (1990). Because in the
northern margin of the Iberian plate, the direction of
extension during the Cretaceous is considered to be
roughly orthogonal to the Cantabrian margin (Malod and
Mauffret, 1990), the BF is interpreted as a left-lateral
transfer fault, and the NCF as the corresponding frontal
extensional ramp. The tilted block that contains the El
Soplao territory dips and thickens towards the master BF
(Fig. 3B), a feature commonly interpreted as the result of
extensional fault propagation folding (Withjack et al.,
1993). Models of such faults have been described in
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Map of the Iberian Peninsula showing the location of the
Lower Albian basins and the distribution of the Lower Cretaceous
amber-bearing deposits (same nomenclature as in Figure 1). (11) El
Caleyu and Pola de Siero deposits. (12) The El Soplao deposit. (13)
Peñacerrada-Montoria deposits. (14) San Just deposit. (Modified from
Salas et al., 2001).
FIGURE 2
frontal ramps (Withjack et al., 1993) but few examples in
transfer faults are known. This Cretaceous configuration
was inverted during the Palaeogene folding and the faults
reversed their movement. The NCF behaved as a frontal
thrust ramp, and the BF as a right-lateral strike-slip fault.
The latter passes northwards to an oblique thrust sheet
that superposes the Cretaceous on the Cenozoic.
STRATIGRAPHY OF THE EL SOPLAO AREA
The bulk of the Mesozoic succession of the El Soplao
area lies unconformably on folded (Variscan deformation)
Carboniferous basement (Fig. 4). This succession was initi-
ated with a thick sequence of Lower Triassic continental
red sandstones and mudstones (Buntsandstein facies). Late
Triassic, Jurassic and earliest Cretaceous sequences are
absent in the studied area, probably because during the
Late Jurassic-Early Cretaceous rifting stage, the area to the
north of the Cabuérniga Ridge was subjected to erosion
and nondeposition. Subsidence renewed in the Early Apt-
ian and was accompanied by gradual marine transgression.
Thus, the Aptian-Albian succession of the El Soplao area,
unconformably overlies Triassic strata and was dominated
by shallow marine carbonate deposition (Fig. 4). 
As a whole, the Aptian-Albian succession of the El
Soplao territory constitutes an E-W elongated lithosome
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A) Geological sketch with the main struc-
tural elements of the North Cantabrian sub-basin
(NCB). The red line Y-Y’ indicates the position of the
cross-section of Fig. 3B. B) Schematic cross-section
showing the restored geometry of the NCB in the El
Soplao territory during the Cretaceous. Figure not to
scale. C) Detailed geological map of the NCB Basin in
the El Soplao area with location of the stratigraphic
sections studied. (A) Puente Arrudo Section, (B)
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9 km long with wedge-shaped geometry deepening and
thickening eastward, on the slope of the tilted block active
during this time (Najarro et al., 2007) (Fig. 3B).  Thick-
nesses vary from about 600 m in the eastern part of the
tilted block (Bustriguado area, Fig. 3) to less than 200 m
toward the west (Puente Arrudo-Rábago Sections, Fig.
3C). The general stratigraphic and biostratigraphic frame-
work of the Aptian-Albian lithological units has been
established by Ramírez del Pozo (1972) and Hines
(1985), but the main depositional systems and sequences
have been revised recently (Najarro et al., 2007; Najarro
and Rosales, 2008). A simplified stratigraphy of this
interval is provided, adapted from the terminology by
Hines (1985) for the major lithological units (Fig. 4). 
The Early Aptian marine transgression led to deposi-
tion of shallow platform carbonates of the Lower Aptian
Rábago Limestone Fm. and Umbrera Fm. that spread
over the studied area. Continued transgression during the
Early Aptian caused platform drowning, and resulted in
deposition of relatively deep-water marls (Patrocinio Fm.)
that covered the entire carbonate platform (Najarro and
Rosales, 2008). Subsequent gradual regression led to
deposition of shallow water carbonates of the Reocín Fm.
during the Late Aptian, and finally delta-estuarine silici-
clastics and carbonaceous lutites of the Las Peñosas Fm.
during the Early Albian (Fig. 4). The vertical evolution
from the Upper Aptian Reocín Fm. to the Lower Albian
Las Peñosas Fm. is interpreted herein as a relative sea-
level fall associated with a deltaic progradation. The
Upper Albian succession follows with deposition of the
Barcenaciones Fm. (Fig. 4), a shallow water carbonate
bank that expands more than 50 km throughout the North
Cantabrian sub-basin, as a result of a transgression fol-
lowing deposition of the Las Peñosas Fm. A subsequent
regression during the Lower Cenomanian deposited the
transitional marine siliciclastic Bielba Fm. Later, deeper
water conditions were established during the Late Creta-
ceous, leading to deposition of open-platform carbonates
for the remainder of the Cretaceous succession.
LAS PEÑOSAS FORMATION
Primarily, this paper examines the Lower Albian het-
erolithic amber-bearing deposit that is included within the
Las Peñosas Fm. Regional palaeogeographical and pa -
laeoenvironmental reconstructions of the Basque-Can -
tabrian Basin during this time slice (García-Mondéjar,
1990) indicate that siliciclastic sediment was transported
from highlands and continental areas located to the west
and south towards the north during deposition of the Las
Peñosas Fm. This amber-bearing unit is approximately
equivalent in age and facies to the broadly extended
Escucha Fm., deposited to the south of the Basque-
Cantabrian Basin (Barrón et al., 2001; Martínez-Torres et
al., 2003), as well as other Mesozoic basins of northeast-
ern Spain, including the Maestrat Basin (e.g., Salas and
Martín-Closas, 1991; Salas et al., 1991; Querol et al.,
1992; Salas et al., 2001; Rodríguez-López and Meléndez,
2004; Rodríguez-López et al., 2005, 2007; Peyrot et al.,
2007; Moreno-Bedmar et al., 2008). These units basically
represent littoral facies dominated by delta-estuarine
deposits, which can be laterally correlated in a NW-SE
direction for more than 500 km, from northeastern
Cantabria, through the southeast Basque-Cantabrian
Basin in the Álava region (Basque Country), and into the
Maestrat Basin in Teruel to the Alicante Province (Fig. 2).
These areas, which trace the approximate location of the
coastline during the Early Albian, are characterized by the
presence of coal-bearing deposits with common presence
of amber (Delclòs et al., 2007).
Facies and sequence arrangement
The Las Peñosas Fm. previously has been described
as a unit formed by a complex of fluvio-estuarine channel
sandstones, overbank black carbonaceous mudstones,
tidal channel bars and tidal flat facies, and minor interca-
lations of carbonate beds, exhibiting unclear internal
organization (García-Mondéjar and Pujalte, 1982; Hines,
1985). However, detailed stratigraphic and sedimentologi-
New Albian arthropod-bearing amber in SpainM. NAJARRO et al.





































































































Carboniferous to Upper Cretaceous lithostratigraphy of
the El Soplao area (modified from Hines, 1985). Chronostratigraphy
after Gradstein (2004).
FIGURE 4
cal logging of four W-E correlative stratigraphic sections
(the Puente Arrudo, Rábago, La Florida and Plaza del
Monte sections; Fig. 3) in the El Soplao region has
revealed the depositional architecture of the Las Peñosas
Fm. and the stratigraphic distribution of the coal- and
amber-bearing deposits (Fig. 5). A summary of the gener-
al facies associations, depositional environments and their
sequential arrangement is given in this section and sum-
marized in Fig. 5 and Table 1. 
It is significant that the facies distribution within the
Las Peñosas Fm. displays a clear tectonic control, as sug-
gested in the study area by the strong lateral thickness
variation in an E-W direction (Fig. 5), which, in the studied
area, ranges from between 45 m to the west to more than
100 m to the east. In this way, the Rábago Section that con-
tains the amber deposit represents the highest point of the
flexured footwall block of the Bustriguado fault (Fig. 3B)
at the time of deposition of the Las Peñosas Fm. This flex-
ure seems to be accommodated by several minor synsedi-
mentary faults that delineate the structure observed in the
Rábago Section (Figs. 3B and 5).
The Las Peñosas Fm. can be informally split into three
correlatable units, which are named in this paper, from base
to top, Las Peñosas 1 to 3 (P1-P3; Figs. 5 and 6A). 
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Reocín Fm.: Shallow water carbonates
Barcenaciones Fm.: Shallow water carbonates Amber deposit
F 1: Heterolithic claystones, siltstones and sandstonesA
F : Fine-coarse sandstones with cross-bedding, wave and current ripplesA2
F : Silty sandstones and carbonaceous claystonesA3
F : Fine-coarse sandstones with cross-bedding and lateral accretionA3
R
Marly siltstones to very fine sandstones
Marly packstones with oysters, gastropods and bivalves
Marly siltstones to very fine sandstones
Marly packstones-wackestones with oysters





Stratigraphic correlation of the four studied sections (A to D in Figure 3). Note the location of the amber deposit and the thickness varia-
tion of the Las Peñosas Fm. along the W-E cross section (see also Fig. 3). (P1-P3) Members of the Las Peñosas Fm. (see text for explanation). (FA1-
FA3) Sedimentary facies associations studied in the Las Peñosas Fm. Amber accumulation usually occurs at the P2-P3 unit boundary.
FIGURE 5
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oyster-rich limestones and 
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FA: Facies association. F: Facies 
Characteristics of the facies associations in the Las Peñosas Fm.TABLE 1
The lower Unit P1 overlies the Reocín Fm. It ranges
from about 11 m (Rábago Section) to 40 m (Plaza del
Monte Section) and it is characterized by an alternation of
bioclastic, oyster-rich limestones and bioturbated, nodular
marly-silty limestones to siltstones with intervals of very
fine sands. The overall succession presents an upward
decrease of carbonate content and a progressive increase
in the quartz silt and sand content of the marly intervals.
This succession is interpreted as a transitional unit from a
shallow carbonate platform to a siliciclastic estuary-delta
bay, caused by rapid change in the sedimentary condi-
tions resulting from deltaic progradation.
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A) Simplified stratigraphic log of the Rábago Section. Two regressive-transgressive cycles are defined. Note that the position of the
amber deposit coincides with the maximum regression of the second cycle. B) High-resolution stratigraphy of the amber deposit. C) General view of
the amber deposit (scale: 1m). D) Example of a blue amber piece in situ.
FIGURE 6
The middle Unit P2 contains the amber-rich deposit
that has been recently discovered in the Rábago Section
(Figs. 6B-D and 7A). It lies on top of P1 and ranges in
thickness from 25 m (Rábago Section) to 60 m (Plaza del
Monte Section; Fig. 5). This unit consists predominantly
of heterolithic sandstones-siltstones and carbonaceous
mudstones deposited in broadly coastal estuarine and
delta environments. Facies associations can be grouped
into three main depositional environments. First is delta
front facies association without evidence of emergence,
interpreted largely as shallow marine. This environment
includes distributary mouth-bar facies, deposited mostly,
if not entirely, under marine conditions, as well as distal
bar, nearshore to offshore deposits. Second are wave- and
tide-influenced estuarine-delta bay deposits. Third is delta
plain facies association, with sedimentary facies that
reflect deposition in both distributary meandering chan-
nels (Fig. 7B and Table 1) and infilling of interdistribu-
tary bays (Figs. 6C and 7C), the latter with high accumu-
lation of coal, plant cuticles (Fig. 7D) and amber pieces
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Field pictures of the Las Peñosas Fm. A) General view of the new discovered amber-rich deposit in Rábago Section within the Unit P2. B)
FA3: Distributary meandering channel with trough cross-bedding, sigmoidal and horizontal stratification and lateral accretion within the Unit P2 in La
Florida Section. C) FA3: Interdistributary bay facies within the Unit P2, capped by an erosive transgressive surface (ravinement), and overlain by
marine limestones (Unit P3) (Puente Arrudo Section). D) FA3: Exceptionally well-preserved plant cuticle compressions that appear associated with
the amber-rich deposit in Rábago Section. E) Detail of FA1 constituted of interbedded mudstones-siltstones with wavy and lenticular lamination and
fine-grained sandstones. Unit P2 in Plaza del Monte Section. F) Marly level with high concentration of bivalves at the top of the Unit P3 in Rábago
Section.
FIGURE 7
(Fig. 6D). Due to the sedimentological and palaeontologi-
cal importance of this unit, more detailed stratigraphic
characteristics and environmental interpretation is provid-
ed in the next section.
The Unit P3 superposed the Unit P2 by an erosive
transgressive surface (a ravinement; Fig. 7C) and in turn
is overlain by the Barcenaciones Fm. The thickness of
the Unit P3 varies from 13 m to the west (Rábago Sec-
tion) to 40 m to the east (Plaza del Monte Section; Fig.
5) and is characterized by the stacking of several meter-
scale mixed siliciclastic-carbonate sequences. Contrast-
ing with P1, the vertical stacking pattern of P3 presents
a progressive increase in the carbonate content toward
the top of the unit. This unit is interpreted as a transition
from estuarine bay deposits (Fig. 7E) to a shallow car-
bonate platform system. Thus, a carbonate-siliciclastic
mixed platform is proposed. The contact with the over-
laying Barcenaciones Fm. is taken at the base of a
marly-nodular limestone bed with large bivalves that
indicates the definitive abandonment of the siliciclastic
system (Fig. 7F).
The amber-rich deposit in the Rábago Section
As noted above, the recently discovered site of amber
accumulation is located at the top of Unit P2 in the Rába-
go Section, where this unit is comprised of three facies
associations (Fig. 6 and Table 1).
Facies association 1 (FA 1): wave- and tide-influenced
estuarine-delta bay
This facies association consists of heterolithic alterna-
tions of thinly bedded dark coloured mudstones, siltstones
and sandstones, stacked vertically in meter-scale
sequences with a general fining-upward trend. The
sequences range in thickness from 3 to 4 m. This facies
association displays two sedimentary facies. Facies 1 con-
sists of 5 to 40 cm thick, pale-yellow, very fine- to medi-
um-grained, well-sorted sandstones. The basal contacts
are flat and sharp, while the contacts in the top are wavy
due to ripples. This facies is characterized by low angle
and horizontal lamination, planar cross-stratification,
flaser and wavy lamination and wave and current ripples
at the tops of the beds. Both current and wave ripples are
associated with flaser bedding, and current ripples are
seen as climbing in some places. Palaeocurrents have
been measured in some crests of the wave ripples result-
ing in a shoreline direction with an overall E-W trend.
Mud drapes occur frequently with thicknesses up to 0.5
cm. Mudclasts and coal fragments appear locally. Biotur-
bation ranges from sparse to elevated but is consistently
characterized by a low diversity assemblage dominated
by Skolithos and various track traces. Facies 2 consists of
beds of mudstone to siltstone. These beds are relatively
sulphide-rich and range from 0.5 to 2 m thick, which
often combine with facies 1 to form wavy and lenticular
bedding (heterolithic facies). Coal and pyritized trunk
fragments up to 20 cm long are concentrated at the base
of these beds. Minor to moderate bioturbation and sul-
phide nodules also are present.
The presence of wave and current ripples occurring
both as lenticular and flaser bedding, along with the wavy
lamination and wave ripples on some sandstone beds,
suggests a tidal- and wave-influenced estuarine-delta bay
environment (e.g., Reineck and Wunderlich, 1968; Rei-
neck and Singh, 1975; Dalrymple, 1992; Willis, 1997;
Kuecher et al., 1990; Folkestad and Satur, 2008). The
suite of trace fossils described above may occur in such
an environment (Pemberton et al., 1992). The common
occurrence of mud drapes and rhythmic bedding of sand-
stones and mudstones suggests involvement of tidal
processes in the formation of this facies (Visser, 1980),
but the occurrence of wave-generated structures suggests
that reworking also was controlled by waves. The climb-
ing current ripples indicate rapid deposition of sand (Rei-
neck and Singh, 1975). These deposits are interpreted to
have originated in the intertidal part of an estuarine-delta
bay.
Facies association 2 (FA 2): Delta front distributary
mouth-bars 
Facies 3 consists of weakly cemented, moderate to
well-sorted, fine to coarse-grained sandstone, orga-
nized in a coarsening and thickening upwards sequence
of about 6 m thick. Sedimentary structures grade verti-
cally from large-scale trough cross-bedding to planar
cross-bedding with wave ripples at the top. Mud drapes
and mud pebbles are present in foresets. Although
preservation at the outcrops prevents detailed sedimen-
tological observations and measurements, in most
instances, unidirectional, diffuse palaeocurrent features
are observed.
The thickening and coarsening upward trend of this
facies association suggests a progradational character.
The upward transition from trough cross-bedding to wave
ripples at the top suggests decreasing energy conditions.
Moreover, the occurrence of mud drapes and mud clasts
suggests fluctuating energy conditions likely produced by
tidal processes occurring during deposition (Reineck and
Singh, 1975; Dalrymple et al., 1990; Shanmugam et al.,
2000; Kitazawa, 2007). The presence of wave-ripple lam-
ination also indicates wave influence. As a whole, this
facies association is interpreted as a progradation of dis-
tributary mouth-bar deposits and sand bars into a wave
and tidal influenced estuarine-delta bay.
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Facies Association 3 (FA 3): Interdistributary bay
This facies association is composed of a very thin
intercalation of silty to very fine sandstones (facies 4)
that contain dark organic- and sulphide-rich mudstones
(facies 5), ranging in thickness from 0.7 to 2.5 m.
Facies 4 is greyish-brown reaching a maximum thick-
ness of 10 cm. It presents wavy and lenticular lamina-
tion with current ripples, coal layers (up to 3 cm), sul-
phide nodules, partially pyritized trunk fragments,
minor bioturbation as pyritized burrows, and amber.
Facies 5 is mostly composed of layers formed by the
accumulation of leaves and other plant remains. These
leaves are very well preserved, showing many original
details and their venation patterns. When present, the
matrix between the plant-bearing levels consists of
clay. Also present in this facies are small pyritized
moulds of marine gastropods and bivalves, sulphide-
nodules (up to 6 cm in size), coal, trunk fragments (up
to 15 cm), and abundant pieces of amber. Although amber
fragments have been found in all stratigraphic sections,
the most abundant yield comes from the Rábago Section,
where they consist of both stalactite-shaped and globular
or kidney-shaped amber pieces. At the top of this facies
association a 5 cm thick crystalline crust appears. The
crust surface is colonized by serpulid worm tubes and its
genesis remains uncertain. A pale-yellow silty rooting
level with associated white mottling occurs in the Plaza
del Monte Section at a stratigraphic position laterally
equivalent to this crystalline crust.
Dark organic-rich mudstone deposits are interpreted
as extensive accumulations of plant remains with a rela-
tively low input of clastic material followed by relatively
rapid burial to prevent decomposition (Dalrymple, 1992;
Folkestand and Satur, 2008). Mudstones were mostly
deposited in interdistributary and coastal bays with a
high supply of continental organic matter transported by
fluvially associated floods that undoubtedly originated
during rainstorm periods. The exceptional preservation
of the leaves, along with the presence of pyrite, organic
remains, and the low-diversity of fossil traces and ben -
thic fauna, suggest suboxic conditions within the inter-
phase water-sediment. Occasionally, the combined
action of spring tides, storms and overbank floods was
strong enough to deposit silty and very fine sand layers
(Reineck and Singh, 1975; Noe-Nygaard and Surlyk,
1988; Dalrymple, 1992). This inference also is suppor -
ted by the presence of thin shell remains. The root acti -
vity at the top of the infilling sequence implies eventual
subaerial conditions, and the development of a horizon
exposed to vegetative processes in a palaeosol (McCarthy
and Plint, 2003; Folkestand and Satur, 2008). This event
is coincident with the maximum regressive stage within
the Las Peñosas Fm.
Deposicional sequences and facies model of the
amber-bearing deposits
Within the Las Peñosas Fm., amber accumulation occurs
principally towards the top of the Unit P2, in dark organic-
rich mudstones that deposited in interdistributary bays
between meandering distributary channels (i.e., facies asso-
ciation 3; Fig. 8 and Table 1). The vertical stacking of the
described facies association of the Unit P2 suggests that it
internally displays two smaller transgressive-regressive
cycles, with the coal-bearing deposits developing during the
regressive phase of the cycles (Fig. 5). These deposits are
underlain by shallow marine, siliciclastic and carbonate
deposits formed under relatively higher sea-level conditions
(Unit P1). The Unit P2 is capped by an erosive transgressive
surface (ravinement), overlain by full-marine limestones
(Fig. 7C). These deposits represent a marked landward shift
in the siliciclastic coastal facies, displaying a retrogradation-
al-aggradational stacking pattern (Unit P3). Therefore, depo-
sition of the amber and coal rich levels was coincident with
the maximum regressive episode of the estuary-delta progra-
dation (Fig. 5), and represents a relative sea-level fall. The
same pattern in coal- and amber-rich deposits has also been
described for the Escucha Fm., in the south of the Basque-
Cantabrian Basin (Peñacerrada-Montoria outcrops; Martí -
nez- Torres et al., 2003), in the Maestrat Basin (Rodríguez-
López et al., 2005), and in the Oliete sub-basin along the San
Just outcrop (Peñalver et al., 2007b), both in the Teruel
Province. In all these areas amber deposits were related to
the progradation of a delta-estuarine system. In Peñacerrada-
Montoria, amber accumulated in interdistributary bays with-
in lower delta plain environments (Martínez-Torres et al.,
2003), whereas in San Just, amber was deposited in freshwa-
ter ponds both within the upper delta plain and in the lower
delta plain (Querol et al., 1992). Despite of the similarities
between the depositional environments of all the amber-rich
deposits of the Lower Cretaceous of Spain, it is worth noting
that the depositional environment of the El Soplao amber
presents a slight marine influence, as it can be inferred from
the presence of some small marine bivalves and gastropods
within the amber deposit and bryozoans and serpulids
incrusting the surface of some amber samples. In the amber
from southwestern France, marine influence has been point-
ed out as well, but directly evidenced from marine microfos-
sil inclusions like marine diatoms, radiolarians, sponge
spicules, and foraminifers (Girard et al., 2008). On the con-
trary, amber deposits from Lebanon (Azar et al., 2003; Veltz,
2008) and the Isle of Wight (United Kingdom) (Jarzem-
bowski et al., 2008) were accumulated in more proximal
delta environments and fluviatile channel deposits with a
larger continental influence.
Stratigraphic models for clastic deposition generally
suggest that regressive wave-dominated shallow marine
systems develop during sea-level falls, whereas tidally
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influenced paralic coal-rich deposits develop during the
transgressive infilling of incised valleys (e.g., Allen and
Posamentier, 1993). The majority of these case studies
came from areas with relatively simple tectonic settings
and subsidence patterns, such as the Cretaceous of the
Western Interior Seaway in North America (Posamentier
and Vail, 1988) and Quaternary successions along passive
margins (e.g., Allen and Posamentier, 1993). In these
studies, the tectonic influence on sequence arrangement is
relatively minor and the eustatic fluctuation in sea level is
the principal control on stratal succession. In contrast, the
Las Peñosas Fm. was deposited in rifting setting during a
period of major tectonic rearrangement across the entire
Basque-Cantabrian Basin, with active faulting that result-
ed in uplift and marked subsidence changes over short
distances (García-Mondéjar et al., 1996, 2003). It is in
this context that local regression occurred with coeval
progradation of siliciclastic coastal deposits.
THE AMBER
General characteristics and morphological types
Trees can produce different kind of resins depending
on what structural part is noted, such as roots, trunk,
branches and leaves (Langenheim, 1995). It has long been
known that resins are exuded outside the plant as defence
from megaherbivores, insects, and pathogens, such as
fungi (especially in the tropics), viruses, other microbes
and bacteria. Presently, no methodology is available to
differentiate what parts of the tree were involved in the
origin of different amber types. Due to the relative abun-
dance of amber at several outcrops, it is generally sup-
posed that the exudation of the original resin occurred
mainly in trunks. Our observations of Agathis australis in
New Zealand subtropical forest suggest that roots were
probably significant producers of resin during the past,
attributable to copious exudations of root-generated resin.
The new Albian deposit described herein is unusu-
ally rich in amber flows of different types formed
under aerial conditions by liquid resin (containing flow
structure). Normally, these flows are very rich in bioin-
clusions, especially small insects. The richest flows are
stalactite-shaped amber pieces (Figs. 9A-9B). These
cylindrical or subcylindrical pieces commonly contain
very well preserved bioinclusions in clear yellow
amber. The amber flows also include sub-spherical or
elongated specimens with a pattern of striations and
bulges and apparently an attached scar suggesting a
bark pattern. This morphology indicates that the flows
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Brachyphyllum Frenelopsis Mirovia Nehvizdya Pseudotorellia
Amber accumulations
F 1.-Wave- and tide-influenced estuarine-delta bay: Heterolithic claystones, siltstones and sandstonesA
F Delta front-distributary mouth bars Cross-bedded fine-coarse sandstonesA2.- :
F Interdistributary bay: Silty sandstones and carbonaceous claystonesA3.-
Flood plain and meandering-channels: Siltstones and fine-coarse sandstones with lateral accretion
Block diagram illustrating an idealized model of the depositional environments during sedimentation of the amber- and coal-rich levels.
The accumulation of amber- and coal-rich sediments took place during the maximum regressive episode of the estuarine-delta progradation. FA:
Facies association. 
FIGURE 8
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Different types of amber pieces and amber bioinclusions related to spiders from El Soplao (Rábago, Cantabria). A) Stalactite-shaped
amber flow with a wasp of the family Megaspilidae -left arrow- trapped on a spider web fragment (see detail of the spider web in 9F) and two insects
shown in figure 12C -right arrow-. B) Stalactite-shaped amber flow exposed in situ which contained a scelionid wasp. C) Amber flow (crust); arrow
indicates some flows that originated from liquid resin and cover a copious flow of dark amber. D) Big kidney-shaped mass in two views. E) Pectinate
paired claws, adapted to efficient handling of silk and locomotion on an aerial web, present in an Araneoidea spider. F) Detail of the spider web frag-
ment which trapped a megaspilid wasp. Images E and F were made with integrated consecutive pictures taken at successive focal planes.
FIGURE 9
originated by viscous resin under aerial conditions.
The viscous resin avoided capture of insects and plant
debris due to the short time that these structures
remained surficially sticky. Other specimens are plain
or unelaborated in shape with several layers accumulat-
ing by different flows by less viscous resin with marks
indicating aerial conditions (Fig. 9C). This last type
usually contains abundant bioinclusions.
A different type are the kidney-shaped masses, nor-
mally very large in size (up to a decimetre in diameter)
with an external surface slightly granulose that lacks evi-
dence of aerial exposure (Fig. 9D). Some authors consid-
er that this type of mass had formed by subterranean resin
secretion from roots, probably explaining their lack of
bioinclusions. These amber masses also are abundant in
the El Soplao outcrop.
Of gemmological interest, abundant blue amber pieces
(Fig. 6D) were found, similar to the noted blue amber
from the Dominican Republic (Bellani et al., 2005). Both
are the only well-known occurrences of this type of
amber. A fluorescent blue glow appears in these pieces
under normal sunlight, and under ultraviolet light it glows
a bright milky-blue. In contrast, under artificial light these
fragments show the typical honey-reddish colour of the
Cretaceous amber.
Geochemistry
The Fourier Transform Infrared Spectroscopy (FTIR)
is a solid-state spectroscopic technique usually used to
characterize ambers (Langenheim and Beck, 1965). Nev-
ertheless, the majority of fossil resins of the same geolog-
ical range often show similar patterns preventing objec-
tive classification. Gas Chromatography-Mass Spec trometry
(GC-MS) determines the individual non-volatile amber
compounds and their molecular structure, and also sug-
gests the plant producer (Grimalt et al., 1988; Chaler
and Grimalt, 2005). Previous GC-MS studies on Creta-
ceous amber from Álava (southern Basque-Cantabrian
Basin) indicate that some isolated compounds found
may have originated from agathic acid, suggesting that
the genus Agathis, or a close genus of Araucariaceae
(Coniferales), was the amber producer (Alonso et al.,
2000; Chaler and Grimalt, 2005). The palynological
study supported this indication, because it revealed that
a high percentage of pollen grains related to Araucaria -
ceae (Barrón et al., 2001). Nevertheless, currently no
araucariacean meso- or macro-remains have been
found within the Álava amber or in the surrounding
rock. 
Here, we compare the FTIR of recent Agathis aus-
tralis resin and amber samples from El Soplao (Fig. 10).
The Agathis resin is a mixture of mono-, sesqui- and
diterpenes, and each of its 13 species has a characteristic
mixture of diterpenoid acids. Today this araucariacean
genus produces large quantities of resin under natural
conditions which polymerize rapidly, forming indurated
masses. Recent studies from the Álava amber (Chaler and
Grimalt, 2005) indicate that all samples show branched
monoalkybenzenes, bicyclic sesquiterpenoids and tri-
cyclic diterpenoids related to pimaric acid precursors,
suggesting a distinctive palaeobotanic origin from Agath-
is-like species.
Three amber samples were analysed from the El
Soplao amber: i) a fragment of a stalactite-like amber
piece from an organic-rich clay level (AMB82); ii) a
fragment of large kidney-shaped mass, red in colour,
found in an organic-rich sand layer (AMB80), and iii) a
fragment of orange kidney-shaped mass from an organ-
ic-rich clay level (AMB81). A fragment of stalactite-
shaped dry resin from Agathis australis also was
analysed for comparison (AMB83). The FTIR spectra
obtained are shown in Fig. 10.
Structural changes in the organic components of the
amber samples are due to maturation processes during
rock diagenesis. In the evaluation of the maturity of the
coal and organic matter from the Escucha Fm. and oth-
er Early Cretaceous Spanish basins, such as the Maes-
trat Basin and the Basque-Cantabrian Basin, the ther-
mal analysis based on the vitrinite reflectance (%R)
suggests around 52ºC as maximum temperature from
modelling (Sangüesa and Arostegui, 2003; Permanyer,
pers. comm.) The FTIR analyses (transmittance and
absorbance) of the amber pieces of El Soplao show that
all three spectra are practically identical. The IR spec-
tra of all samples exhibited the same bands, but with
different intensities (Fig. 10). In absorbance, all spec-
tra show similar relative intensity, but in the sample
AMB80, which corresponds to a red amber fragment,
the intensity decreases at wave-numbers 727 and 814
cm-1, and increases considerably at approximately
wave-number group 1714 cm-1, a complex band associ-
ated with carboxyl groups (Fig. 10). In this sample we
also observe broad absorption bands at ca. 3460 and
1635 cm-1, the signal due to water or possibly to
weathering. The spectra coincide in the major features
with the previous results obtained from other Spanish
Cretaceous ambers (see FTIR spectra in Alonso et al.,
2000; Chaler and Grimalt, 2005; Peñalver et al., 2007a,
2007b; Corchón et al., 2008). All the spectra are domi-
nated by small C-H stretching bands near 2950 cm-1,
C-H banding occurs between 1470 and 1380 cm-1, and
the carbonyl bands are close to 1700 cm-1. The lack of
exocyclic methylenic bands at 880, 1640 and 3070 cm-1 is
consistent with the high maturity of the amber.
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When the IR absorbance spectra is compared between
the amber sample AMB82, an aerial stalactite, and the sam-
ple AMB83, a fragment of recent stalactite of the araucari-
acean Agathis australis (Fig. 10), numerous differences
may be observed. However, without GC-MS studies, the
origin of the variable intensity and the presence of several
bands cannot be possibly known. The presence of the
absorption maximum in the single-band around 3081 cm-1
is typical in Agathis resin; however, it is typically absent in
amber due to the polymerization of the resin and increasing
maturity. In addition, the spectra around range bands 1650-
1700 cm-1, corresponding to the carboxyl groups, is very
different between the amber and the resin. The intensity of
absorption at wave-numbers 3400 and 1700 cm-1 decreases
according to an increase in the maturity level of the sam-
ples. Other bands observed constitute an unresolved group
near wave number 2930 cm-1 (C-H st), the most intense
group band known for all Cretaceous spectra.
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A) Transmittance IR spectra of El Soplao amber: AMB80 red amber from a kidney-shaped mass found within sands; AMB81 orange
amber from a kidney-shaped mass found within clays; AMB82 orange amber from a stalactite-shaped flow, found within clays; and AMB83 dry resin
from an Agathis australis stalactite-like flow, New Zealand in origin. B) IR absorbance spectra from the El Soplao amber and dry resin of Agathis
australis, both samples analysed came from stalactite-shaped flows.
FIGURE 10
FOSSIL RECORD
Plant cuticle compressions 
Exceptionally well preserved plant cuticle compressions
are very abundant in the El Soplao amber deposit (Fig. 11),
sometimes accumulating in levels up to 10 cm thick. The
palaeobotanical samples taken from these levels also show
amber and woody fragments, but at less percentage than
plant-cuticle compressions (Figs. 11A-11D). Amber pieces
show various shapes and colours from yellow to red (Fig.
11A), whereas unidentified, small, dark, woody fragments
are preserved as spheroidal, charcoalified masses or char-
coals (Fig. 11B). Cuticle fragments of the conifer Frenelop-
sis, of the extinct family Cheirolepidiaceae (Gomez et al.,
2002), are the most numerous plant-cuticle components (Fig.
11C). These coniferous axes typically constitute cylindrical
internodes bearing apically a nodal whorl of three leaves
(Fig. 11E). Some Frenelopsis sp. cuticles also show a partic-
ular branching of axes borne in the internode (Fig. 11F) (see
Daviero et al., 2001 for architectural details). A female cone
scale formed by several layers of very thin cuticle (Fig. 11P)
constitutes a doubtful record of the genus Alvinia Kva ˇcek
(Kvacˇek, 2000), associated with Frenelopsis vegetative
material. Additionally, the conifer Mirovia sp. of the extinct
family Miroviaceae (Gomez, 2002) shows about the same
quantity of leaf cuticle fragments (Fig. 11D). The leaves
clearly display a white central line on one side correspond-
ing to the single middle stomatal-bearing groove, as well as a
mucronate apex and suction-pad-shaped base (Figs. 11G-
11H). Such leaves have been also described from the Albian
of Pyrenees (Corça) and Teruel (Rubielos de Mora) (Gomez,
2002). Also present are two conifer leafy axes of Brachy-
phyllum-type with tiny, helicoidally arranged leaves (Figs.
11L-11M). In addition, two types of ginkgolean leaves also
occur. Nehvizdya sp. shows obovate leaves with variable
apex shapes (Fig. 11I) and attenuate base (Fig. 11J) (Gomez
et al., 2000). The venation pattern showing several succes-
sive dichotomies and the presence of resin bodies between
the veins are clearly seen in the most transparent leaves. In
Spain, Nehvizdya penalveri has been reported only from the
Albian of Rubielos de Mora in Teruel (Gomez et al., 2000).
Other ginkgolean leaves are represented by Pseudotorellia
sp. It has narrow leaves with three stomatal bands located on
one side (Fig. 11K). This genus has also been described
from the Albian of Rubielos de Mora in Teruel (Gomez,
2000). In addition, it has distinctive reproductive organs sim-
ilar to the genus Nehvizdyella Kva ˇcek (Kva ˇcek  et al., 2005),
which probably are ovules associated with Nehvizdya (Figs.
11N-11O).
Arthropod inclusions
Until now, the arthropods found as inclusions in the El
Soplao amber have been spiders and insects. All speci-
mens are small in size, less than 1 cm long, and are well
preserved, possessing slight deformation due to pressure.
Apparently, the degree of maturation of the amber is
slightly higher than the San Just and Álava ambers,
because the external surface of the insects is dark, without
a silvery gaseous film. That film produces silver-hued
reflections under strong direct illumination and makes the
appreciation of microsculptural details easier. Formal tax-
onomy of the new taxa of arthropods will be published
elsewhere, principally by Paul Selden and one of us dur-
ing the completion of a Doctoral Thesis (R.P.F.). Thus,
only a brief overview of the most important specimens is
presented below. 
One of the most remarkable finds is a virtually com-
plete spider specimen. The excellent preservation of the
legs shows detailed structure of the tarsal claws (Fig. 9E).
The tarsi have large, pectinate paired claws with one row
of nine teeth and one small, non-pectinate median claw
and numerous serrate bristles, similar to the Araneoidea
specimen described by Selden (1989) from the Early Cre-
taceous limestones of El Montsec (Lleida Province,
northeastern Spain). Subsequently, the Montsec specimen
was described as Cretaraneus vilaltae by Selden (1990)
and assigned to the orb-weaver family Tetragnathidae by
Selden and Penney (2003). The characteristic claw mor-
phology is structured for an efficient handling of silk and
locomotion on an aerial web. Peñalver et al. (2006) pub-
lished the oldest web with entrapped preys, most likely an
orb web, from San Just amber. Penney and Ortuño (2006)
described a spider from Álava amber, which displays
three tarsal claws and accessory setae, as the oldest true
orb-weaving spider, but without illustration and more
detailed description of this crucial structure. Also, from
the El Soplao amber, a portion of an aerial spider web
was found (Fig. 9F), which trapped a small wasp of the
family Megaspilidae. This new spider web has a different
structure than the specimen from San Just amber. Both
the spider specimen and aerial web found in the El Soplao
amber shed light on and support the role of aerial webs in
the palaeoecology of Cretaceous forests discussed by
Peñalver et al. (2006, 2008).
The insect orders found to date in this new site also
are the most abundant in other Cretaceous deposits (Fig.
12). These co-occurring orders are Thysanoptera (Fig.
12A), Hymenoptera (Fig. 12B), Blattaria (Fig. 12D),
Hemiptera, Coleoptera, and Diptera; the last two are espe-
cially plentiful (Figs. 12C-12D). Raphidioptera and Neu-
roptera have a scarce record in El Soplao as is common in
Cretaceous ambers.
Hymenopterans were represented previously by the
families Scelionidae (Figs. 12B and 12D), Mymarommati-
dae, and Megaspilidae (Fig. 9A). The extinct family
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A, D) Four major palaeobotanical components sorted out from a sediment sample (all to the same scale). A) Yellow to red amber pieces.
B) Wood fragments. C) Frenelopsis sp. cuticles. D) Mirovia sp. cuticles. E, F) Internodes of Frenelopsis sp. E) Apical nodal whorl of three leaves. F)
Intra-internodal branching of axes. G, H) Leaves of Mirovia sp. G) A single middle stomatal groove and a mucronate apex. H) Suction-pad-shaped
base. I, J) Leaves of Nehvizdya sp. I) Variable shapes of apices. J) Attenuate bases. K) Leaves of Pseudotorellia sp., showing two apices and three or
more stomatal bands on one side of the leaves. L, M) Two Brachyphyllum-type leafy axes, showing small, helicoidally arranged leaves. N, O) Ovules
of cf. Nehvizdyella sp., P) cf. Alvinia sp., a multilayered female cone scale of Frenelopsis sp.
FIGURE 11
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Fossil insects as bioinclusions in El Soplao amber. A) Thysanopteran specimen. B) Female wasp of the family Scelionidae. C) Chalci-
doidean wasp -top- and dipteran of the family Cecidomyiidae (gall midges). D) Amber fragment with seven wasps and one immature cockroach in the
centre of the preparation. E) Wing of Archiaustroconops sp. Images A and E were made with integrated consecutive pictures taken at successive
focal planes.
FIGURE 12
Mymarommatidae, or false fairy wasps, are among the
smallest of Hymenoptera and constitute a very important
record for the El Soplao amber, represented by a complete
winged female of a new morphotype of the extinct genus
Archaeromma. The family includes only five genera, three
extant and two extinct genera (Gibson et al., 2007). The
fossil record of this family is very scarce and is only pre-
served in amber. The genus Archaeromma contains eight
species (Gibson et al., 2007; Engel and Grimaldi, 2007).
This group of minute wasps is characterized by having a
head capsule with a hyperoccipital band of pleated mem-
brane separating the frontal plate from the flat occipital
plate; an occipital foramen originating at ventral margin of
occipital plate; mandibles exodont; female antennae with 6
or 7 funicular segments and 3 or 4 larger distal segments
which form a compact tube; and other characters (Gibson
et al., 2007). Due to their small size and unusual morpho-
logical characters, they are suspected egg parasitoids. The
new record from the El Soplao amber is the oldest for this
genus.
Among the most interesting insect records in the El
Soplao amber are biting midges (Diptera: Ceratopogo-
nidae). The genus Archiaustroconops, of the subfamily
Austroconopinae, is the only Cretaceous Ceratopogo-
nidae with two well-developed radial cells, an oblique
r-m vein (Fig. 12E), and a foreleg/hindleg tarsal ratio
≥ 1.4 (Borkent, 2000). The genus includes six species
known only from Lower Cretaceous Lebanese and Ála-
va ambers (Borkent, 2000). It is represented in the El
Soplao amber by one new morphotype (Fig. 12E),
clearly different from A. alavensis found in Álava
amber. This new morphotype is characterized by hav-
ing a strongly elongate first radial cell. Most interest-
ing is the presence of a new taxon of the rare genus
Lebanoculicoides (Fig. 13), which is only known by
two specimens described as L. mesozoicus from
Lebanese amber (Szadziewski, 1996). This genus is the
only member of the Ceratopogonidae having a wing
with fully developed R1, R3 and R4+5 veins. This
character, among others, indicates that L. mesozoicus is
the sister group of all other Ceratopogonidae and for
that reason it had been included in its own subfamily,
named Lebanoculicoidinae by Borkent (2000). The
new morphotype differs mainly from the other known
species by having ovoidal flagellomeres (not cylindri-
cal) and R4+5 vein terminating in a basal position
before reaching the wing apex.
DISCUSSION AND CONCLUDING REMARKS 
Stratigraphic and sedimentologic analyses of the
amber-bearing deposit of the Lower Albian Las Peñosas
Fm. indicate that it was deposited on a regressive deltaic-
estuarine environment. Facies associations are assigned to
three different depositional units (P1 to P3). The stacking
of these units and their internal vertical and lateral rela-
tionships resulted from an overall marine regressive phase
followed by a transgressive marine phase, with the resin
accumulation occurring at the most regressive part of the
regressive-transgressive sequence (Unit P2). Sedimento-
logical analysis of this unit suggests that the amber
deposit constitutes part of the infilling of interdistributary
bays, which are laterally associated with distributary
meandering channels. The amber-rich beds always con-
tain abundant fragments of carbonaceous material, wood
fragments and leaves that still preserve the vegetal tex-
tures. The amber-rich beds appear associated with lami-
nated, organic clays, but also with discontinuous beds of
massive to laminated sandstones and siltstones with disor-
ganized fragments of woody material. These deposits also
contain shells of marine and/or brackish-water molluscs,
which suggest a littoral to coastal marsh environment of
deposition. Therefore, the suggested depositional scenario
for the amber-rich beds is an environment of low-energy
coastal and interdistributary bays connected with the sea
and affected episodically by higher-energy conditions.
Floods during rainstorms eroded and removed the amber
and plant remains from their original place of accumula-
tion at the soils of the coast-fringing forest. Then, the
amber and plant fragments were transported by density
flows that carried large amounts of these materials, mixed
with mud and sand, to the coastal and interdistributary
bays, where were rapidly accumulated and buried. Most
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Camera lucida drawing of Lebanoculicoides sp. (Cerato-
pogonidae: Lebanoculicoidinae) in lateral habitus, from the El Soplao
amber.
FIGURE 13
of the amber pieces show their original form of sub-
rounded and stalactite-shape suggesting little erosion dur-
ing transport. A remarkable characteristic of this amber
deposit is the unusual accumulation of aerial amber
pieces that contain abundant arthropod and other bioin-
clusions.
The El Soplao deposit likely originated during a peri-
od of abundant production of fluid resin within the palae-
oforests, possibly coinciding with a warmer episode. The
plant-cuticle assemblage of the El Soplao deposit is quite
reminiscent of that from the Albian of Rubielos de Mora
(Teruel Province); (Gomez, 2000, 2002; Gomez et al.,
2000, 2002). However, the latter deposit has poorly pre-
served amber and identification at the species level is ten-
uous, lacking the precision for any determination of
amber production. Araucariacean trees are the suggested
resin-producing plants during the Cretaceous (Alonso et al.,
2000; Chaler and Grimalt, 2005), but leaf remains of this
group of conifers are absent from the El Soplao assemblage,
although they occur in other similar Spanish deposits. Future
palynological studies will complete our understanding of the
palaeobotanical context of this deposit.
The abundance of fossil insects in the Early Creta-
ceous amber of El Soplao is particularly important for
further evolutionary studies and palaeoecological recon-
structions. This abundance is a consequence of the unusu-
al concentration of amber flows (stalactite-like amber
flow pieces and crusts), which contain the most bioinclu-
sions. The fidelity of the arthropod preservation in this
amber allows for detailed studies of the ancient forest bio-
ta, similar to other Spanish ambers. The Albian age of the
El Soplao amber also is of particular importance because
during this period certain groups of insects were diversi-
fying to become major pollinators of the first flowering
plants. In this context, the presence of spiders and their
entrapping aerial webs in El Soplao amber reinforces the
hypothesis advocated by Peñalver et al. (2006, 2008)
which associates the diversification of spiders to the radi-
ation of winged (pterygote) insects. 
Several insect specimens recorded from the El Soplao
amber are very scarce in the fossil record, for instance
wasps and dipterans. Such is the case for the wasp speci-
men that belongs to the extinct family Mymarommatidae.
Discovery of a new form of the rare dipteran Lebanoculi-
coides in the El Soplao amber indicates that this basal
genus had a much more extensive distribution than previ-
ously supposed during the Early Cretaceous. Consequent-
ly, any new findings of fossil representatives of these
groups would be of particular interest.
The FTIR spectra of the El Soplao amber are quite sim-
ilar to other previously studied Spanish Cretaceous ambers.
However, further investigations are necessary to complete
the study of this new locality, including the taphonomic
study of the deposit in order to know its origin, the palyno-
logical analysis of the amber-bearing stratigraphic
sequence, determination of plant species represented as
cuticles, and the taxonomic study of the arthropods includ-
ed within the amber.
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Abstract: El Soplao outcrop, an Early Cretaceous amber deposit recently discovered in northern Spain 
(Cantabria), has been shown to be the largest site of amber with arthropod inclusions that has been found in 
Spain so far. Relevant data provided herein for biogeochemistry of the amber, palynology, taphonomy and 
arthropod bioinclusions complement those previously published. This set of data suggests at least two botanical 
sources for the amber of El Soplao deposit. The first (type A amber) strongly supports a source related to 
Cheirolepidiaceae, and the second (type B amber) shows non-specific conifer biomarkers. Comparison of 
molecular  composition  of  type  A amber with  Frenelopsis  leaves  (Cheirolepidiaceae)  strongly  suggests  a 
biochemical affinity and a common botanical origin. A preliminary palynological study indicates a regional high 
taxonomical  diversity,  mainly  of  pteridophyte  spores  and  gymnosperm pollen  grains.  According  to  the 
preliminary palynological data, the region was inhabited by conifer forests adapted to a dry season under a 
subtropical climate. The abundant charcoalified wood associated with the amber in the same beds is evidence of 
paleofires that most likely promoted both the resin production and an intensive erosion of the litter, and 
subsequent great accumulation of amber plus plant cuticles. In addition, for the first time in the fossil record, 
charcoalified plant fibers as bioinclusions are reported. Other relevant taphonomic data are the exceptional 
presence of serpulids and bryozoans on the surfaces of some amber pieces indicating both a long exposure on 
marine or brackish-water and a mixed assemblage of amber. Lastly, new findings of insect bioinclusions, some of 
them uncommon in the fossil record or showing remarkable adaptations, are reported. In conclusion, a 
documented scenario for the origin of the El Soplao amber outcrop is provided. 
!
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9*>,6*//&C$ 5;$ .b_:$ ?_b0.$ 2>C$ 0_b?_$ ,6&>C(>V$ +28/,=:$ (>$
)-(9-$ '26(25/&$ ,-(9N>&==&=$ *+$ 9*>,(>&>,2/$ ,*$ 426(>&$ =&C(4&>,=$
299848/2,&C$D`269a2SX*>CZ@26$&,$2/A:$EMMGY$0*,*$&,$2/A:$#""FHA$B-&$
./$ 0*1/2*$ 26&2$ /(&=$ (>$ ,-&$ ?*6,-$ <2>,256(2>$ =85S52=(>$ /*92,&C$
(44&C(2,&/;$ ,*$ ,-&$ >*6,-$ *+$ ,-&$ <258Z6>(V2$ %(CV&$ D_(/4=&>:$
#""JH:$)-(9-$(=$2>$.b_$/2,&Sc26(=92>$=,689,86&$6&29,('2,&C$+(6=,$2=$
2 $ 12/&*S-(V- $ 5*8>C&C $ 5; $ >*642/ $ +28/,= $ C86(>V $ ,-& $ .26/;$
<6&,29&*8=: $ 2>C$ /2,&6 $ 2= $ 2 $ 6&'&6=2/ $ +28/, $ C86(>V$ )(C&=16&2C$
B&6,(26;$DO;6&>&2>H$9*416&==(*>$D\(VA$EHA$B-&$^*)&6$<6&,29&*8=$
D31,(2>b3/5(2>H$C&1*=(,=$*+$,-&$./$0*1/2*$26&2$/(&$8>9*>+*6425/;$
*> $ /*)&6 $ B6(2==(9 $ DK8>,=2>C=,&(> $ +29(&=H $ 52=&4&>,A $ B-&;$
9*>=,(,8,&$2$6&/2,('&/;$,-(>$Dde""$4H$=&C(4&>,26;$)&CV&$)&2N/;$
C&+*64&C$ 2>C$ 2++&9,&C$ *>/;$ 5;$ V&>,/;$ +*/C(>VA$ B-&$ ./$ 0*1/2*$
245&6$ *8,96*1$ (=$ /*92,&C$ (>$ ,-&$ =*8,-&6>$ +/2>N$ *+$ ,-&$ K(&/'2$
=;>9/(>&$D\(VA$EH:$)-&6&$,-&$2'&62V&$=,6(N&$*+$,-&$=899&==(*>$(=$.b
_$2>C$,-&$C(1$25*8,$f"g$?A$
B-&642/$ 42,86(,;$ *+$ ,-&$ 26&2$ 52=&C$ *>$ '(,6(>(,&$ 6&+/&9,2>9&$
'2/8&= $ Dh$ R*H $ 1&6+*64&C $ *> $ '(,6(>(,& $ 429&62/= $ +6*4$ 1/2>,$
+62V4&>,=$-2'&$;(&/C$6&/2,('&/;$/*)$6&+/&9,2>9&$'2/8&=$,-2,$62>V&$
5&,)&&>$"AJ"h$2>C$"AGEh$D4&2>$"AJGhH$ DX&>*6S02/'L>$&,$ 2/A:$
#"E"HA$ B-&=&$ '2/8&=$ =8VV&=,$ ,-2,$ ,-&$ *6V2>(9$42,,&6$ 2==*9(2,&C$
)(,- $ ,-& $ 245&6 $ (= $ *>/; $ &26/; $ 42,86&: $ 2>C $ ,-& $ &=,(42,&C$
,&41&62,86&=$+6*4$,-&=&$(>C(9&=$*+$,-&642/$42,862,(*>$*+$*6V2>(9$
42,,&6$ 26&$ (>$ ,-&$ 62>V&$ *+$ G"bF"g<$ D&AVA$ 0)&&>&;$i$K86>-24:$
EM!MH:$)-(9-$26&$ ,-&$586(2/$42I(484$ ,&41&62,86&=$ =8++&6&C$5;$
,-&$245&6$C&1*=(,A$B-&=&$/*)$42,86(,;$/&'&/=$42;$5&$6&=1*>=(5/&$
+*6$ ,-&$ V**C$ 9*>=&6'2,(*>$ *+$ ,-&$4*/&98/26$ 9*41*=(,(*>$ *+$ ,-&$
245&6$2>C$(,=$5(*/*V(92/$(>9/8=(*>=A$
3$=;>,-&=(=$*+$,-&$=,62,(V621-;$*+$,-&$0*1/2*$26&2$(=$6&16&=&>,&C$
(>$ \(VA$ #$ D2+,&6$?2@266*$ &,$ 2/A:$ #""M:$ #"E"HA$ B-&$ 245&6S5&26(>V$
C&1*=(,$*+$./$0*1/2*$(=$(>9/8C&C$)(,-(>$,-&$^ 2=$O&P*=2=$\*642,(*>$
D\(VA $ #H: $ )-(9-$ (= $ 2 $ ^*)&6$ 3/5(2>$ 8>(, $ DdEE#bEE"$ X2H$ *+$
9*>,(>&>,2/$,*$,62>=(,(*>2/$426(>&$=(/(9(9/2=,(9$C&1*=(,=$(>,&65&CC&C$
(>$ 2$ =899&==(*>$ *+$ =-2//*)$ 426(>&:$ 68C(=,$ 2>C$ 9*62/$ 9265*>2,&$
1/2,+*64$C&1*=(,=A$`&>&62/$=&C(4&>,26;$C&=96(1,(*>=:$C&1*=(,(*>2/$
&>'(6*>4&>,=$ 2>C$ +*==(/$ 9*>,&>,$ *+$ ,-&$ ^2=$ O&P*=2=$ \*642,(*>$
-2'&$ 5&&>$ 2/6&2C;$ C(=98==&C$ (>$?2@266*$ &,$ 2/A$ D#""MHA$ Q>$ ,-&$ ./$
0*1/2*$ *8,96*1:$ ,-&$ 245&6S6(9-$ 5&C=$ *9986$ (>$ ,-&$ /*)&6S4(CC/&$




9-2629,&6([&C$ 5;$ C26N:$ 9265*>29&*8=:$ 1;6(,(+&6*8=$ =-2/&=$ )(,-$
=85*6C(>2,&C $ =(/,=,*>&= $ 2>C $ =2>C=,*>&= $ /24(>2& $ 2>C $ 96*==S
/24(>2,&C $ 9&>,(4&,6(9 $ =2>C=,*>& $ /2;&6=: $ +*64(>V $ )2'; $ 2>C$
/&>,(98/26$ 5&CC(>VA$ B-&;$ 9*>,2(>$ 6&426N25/&$ 299848/2,(*>=$ *+$




#A"$4$2>C$2$)(C,-$*+$2,$ /&2=,$E"$4$(>$?b0$96*==S=&9,(*>A$ Q>$ ,-&$
=,6(N&$*+$,-&$5&C:$,-&$245&6S5&26(>V$=-2/&$&I,&>C=$4*6&$,-2>$FJ$4A$
B-&$52=&$*+$ ,-(=$ /&>S=-21&C$=-2/&$5&C$ (=$&6*=(*>2/$2>C$ ,68>92,&=$




245&6$ 1(&9&=A$ 3//$ *+$ ,-&=&$ C&1*=(,=$ 299848/2,&C$ (>$ 2$ 16*I(42/$
&=,826(>&$ 52;$ =;=,&4$)(,-$ =42//$ 52;-&2C$ C&/,2=$ D?2@266*$ &,$ 2/A:$
#""MH$2>C$6&16&=&>,$,-&$,62>=V6&==('&$(>8>C2,(*>$*+$2$9*>,(>&>,2/$
+/8'(2/$ 1/2(>$ 2>C$ 2>$ (>9(=&C$ '2//&;$ +(//A$ K2=&C$ *>$ V&*4&,6;$ 2>C$








3.1 Paleontological excavations 
+7AEE%BC#E"39"#"45@C#%EH@CDC95"36%7CDE%IEE3%@CAA5E8%";9%53%-#%
1"B#C"% CFIEA% ";9@A"B$ % N;A534% 97E% O5A69 % "3E% 2.@9"IEA% <==&:%
85OOEAE39 % EH9AC@95"3 % FE97"86 % GEAE % CBB#5E8 % 9" % "I9C53 % CFIEA%
B5E@E6$ % )FIEA % GC6 % "I9C53E8% FC3;C##L % G597 % 6FC## % 9""#6$ % 03%
C88595"3% C% #CA4E%BA"6BE@9% 7"#EK% CBBA"H5FC9E#L%P%Q%<$R%Q%<%F% 53%
65MEK%GC6%8;4%53%"3E%"O%97E%CFIEAJA5@7%CAEC6%"O%97E%";9@A"B%;6534%
C% I;##8"MEA$% 1EDEAC#% 9"36% "O% CFIEAJIECA534% 6E85FE39% OA"F% 97E%
#CA4E%BA"6BE@9%7"#E%GEAE%9AC36B"A9E8%9"%C%GC67534%CAEC%#"@C9E8%53%
97E%6CFE%";9@A"BK%G7EAE%C%@EFE39%F5HEA%C38%C%65EDE%GEAE%;6E8%9"%
"I9C53% C##% AC34E6% "O% CFIEA% 65ME6% C6% 8E6@A5IE8% 53% *"AAC#% E9% C#$%
2>SSS:% C38% )#"36"% E9% C#$% 2<===:$% +756% BEAF599E8% 9"% "I9C53% C%
6CFB#534%G597";9%9CB7"3"F5@%I5C6E6%539A"8;@E8%IL%97E%EH9AC@95"3%




AEDEC#E8% 97C9% 97E% CFIEA% IE8% 56% C9% #EC69% PR% F% #"34% #C9EAC##LK%
6;BB"A9534%97E%C66EA95"3%"O%(CVCAA"%E9%C#$%2<==S:K%G75@7%56%97C9%97E%
-#%1"B#C"% 56% 97E% #CA4E69% 659E%"O%CFIEA%G597%CA97A"B"8% 53@#;65"36%
97C9%7C6%EDEA%IEE3%O";38%53%1BC53%6"%OCA$%
N;A534%97E%6E@"38%BC#E"39"#"45@C#%EH@CDC95"3%2WCA@7%<==S:%C%
3EG % FE97"8 % GC6 % ;6E8 % 9" % "I9C53 % CI;38C39 % CFIEA % FC9EA5C#%





(>'*/'&=$ ,-&$ 8=&$ *+$ -(B-$ 16&==86&$ )2,&6$ CD(BA$ EAF$ 2>G$ EAHI$ ,*$
&J,629,$ &>,(6&$ /26B&$ 245&6$ 1(&9&=$ ,-2,$ )*8/G$ 5&$ ,**$ +62B(/&$ ,*$
6&=(=, $ 9*>'&>,(*>2/ $ 4&,-*G= $ CD(BA $ EAEIA $ K-& $ )2,&6 $ 2, $ -(B-$
16&==86&$ G(=(>,&B62,&G$ ,-&$ =&G(4&>,$ *+$ ,-&$ 16*=1&9,$ -*/&$ 2>G$
&J1*=&G$ ,-&$ 245&6$ 1(&9&=:$ )-(9-$ )&6&$ 42>82//;$ &J,629,&G$ ,*$
2'*(G$+629,86(>BA$7>$,-&$*,-&6$-2>G:$,-&$=42//$2>G$4&G(84$1(&9&=$
)&6&$ 6&,2(>&G$ 8=(>B$ 2$ /26B&$ =(&'&$)-&6&$)2,&6$ 2>G$48G$ +/*)&G$




,*$ +62B4&>,$4(>&62/$ =&24=:$2>G$ ,*$&J,629,$ ,-&$8=&+8/$126,=$ +6*4$
,-&$ )2=,&$ 6*9LA$ M>$ 9*>9/8=(*>:$ ,-&$ >&)$ 4&,-*G$ )2=$ 8=&+8/$ (>$
*5,2(>(>B$>84&6*8=$/26B&$245&6$1(&9&=$(>$2$=-*6,$1&6(*G$*+$,(4&A$
$
3.2 Biogeochemical analyses 
D*6$ ,-&$ 5(*B&*9-&4(92/$ 2>2/;=(=$ 245&6$ 1(&9&=:$ +*==(/$ )**G:$
2>G$ =&G(4&>,=$ 6(9-$ (>$ 1/2>,$ 98,(9/&=$)&6&$ 9*//&9,&G$ +6*4$ ,-&$./$
0*1/2*$G&1*=(,$G86(>B$,-&$+(6=,$&J92'2,(*>$*>$79,*5&6$H""!A$K)*$
,;1&=$*+$245&6$1(&9&=$)&6&$9*//&9,&GN$,;1&$3:$9-2629,&6(O&G$5;$2$
=,6*>B$ 5/8&$ 1861/&$ 9*/*6$ 8>G&6$ >2,862/$ /(B-,$ CD(BA$ EAE$ 2>G$ EA#I:$
1861/&P6&GG(=-$ 8>G&6$ 26,(+(9(2/$ /(B-,:$ 2>G$ ,;1&$Q:$ /&==$ 258>G2>,:$
;&//*)$8>G&6$26,(+(9(2/$/(B-,$2>G$)(,-$2$5/8(=-$,(>B&$8>G&6$>2,862/$
/(B-,A$R/2>,$98,(9/&=$)&6&$*5,2(>&G$+6*4$9/2;=,*>&=$5;$6(>=(>B$,-&$
1/2>,P6(9-$ =&G(4&>,$ (>$ 2>$ 8/,62=*>(9$ 52,-$ *+$ G(=,(//&G$ )2,&6$ ,*$
6&4*'&$2//$*+$,-&$9/2;$2>G$=(/,$=&G(4&>,A$K-&$*6B2>(9$6&=(G8&$)2=$
2(6PG6(&GA$ R/2>,$ +62B4&>,=$ 2>G$ /&2'&=$ )&6&$ G(=,(>B8(=-&G$ 2>G$
=&1262,&G$ 8>G&6$ 2$ =,&6&*4(96*=9*1&A$ M>$ 2GG(,(*>:$ =&'&62/$ 6&=(>$
2>G $ /&2+ $ =241/&= $ +6*4 $ &J,2>, $ 9*>(+&6= $ *+ $ ,-& $ +24(/(&=$
<816&==29&2&$ 2>G$3628926(29&2&$ CCupressus arizonica, Agathis 
australis$2>G$Araucaria angustifoliaI$)&6&$9*//&9,&G$+6*4$/('(>B$
,6&&=$ 2,$ ,-&$ %*;2/$ Q*,2>(9$ S26G&>$ *+$T2G6(G$ 2>G$ (>$ ,-&$ L286($
+*6&=,=$ *+$ ?&)$ U&2/2>G:$ (>$ *6G&6$ ,*$ 9*4126&$ ,-&(6$ 9*41*8>G=$
)(,-$ ,-*=&$*+$ ,-&$245&6$2>G$+*==(/$ /&2'&=$2>G$2/=*$ ,*$G&,&64(>&$
1*,&>,(2/$2++(>(,(&=$*+$,-&$245&6$)(,-$+*==(/$,2J2A$
D*6 $ ,-& $ 2>2/;,(92/ $ 9-2629,&6(O2,(*>: $ =&'&62/ $ 6&16&=&>,2,('&$
1(&9&=$*+$245&6$*+$,-&$,;1&=$3$2>G$Q$*+$25*8,$V"$B$&29-:$)(,-$,-&$
-(B-&=, $ ,62>=126&>9;$ 2'2(/25/&$ 2>G$ +6&&$ *+$ 42@*6$ (>9/8=(*>=:$
968=,=$ 2>G$ G&56(=:$ )&6&$ =&/&9,&G$ +6*4$ ,-&$ ./$ 0*1/2*$ G&1*=(,A$
D*//*)(>B$ =,2>G26G$ ,&9->(W8&=: $ &29-$ 1(&9&$ )2=$ 968=-&G$ 2>G$
&J,629,&G$ +*6$ #$ -$ )(,-$ G(9-/*6*4&,-2>&N4&,-2>*/$ CHNFI$ 8=(>B$ 2$
QX9-($4*G&/$QP!FF$ 28,*42,(9$ &J,629,*6A$7>&$ 2/(W8*,$ *+$ &J,629,$
)2= $ (>@&9,&G $ G(6&9,/; $ (>,* $ ,-& $ (>@&9,(*> $ 1*6, $ *+ $ ,-& $ B2=$
9-6*42,*B621-A$K-&$ 58/L$ &J,629,$)2=$ 9*>9&>,62,&G$ ,*$ 2$ '*/84&$
*+$ H"$4Y$ 2>G$ +629,(*>2,&G$ 5;$ 8=&$ *+$ +/2=-$ 9-6*42,*B621-;$ *>$
=(/(92 $ B&/A $ K-& $ &/8,(*> $ )2= $ 9266(&G $ *8, $ 8=(>B $ -&J2>&:$
G(9-/*6*4&,-2>&: $ G(9-/*6*4&,-2>&N4&,-2>*/ $ CFNFI: $ 2>G$
4&,-2>*/:$ 2>G$ =85=&W8&>,/;$ HV$ +629,(*>=$ )&6&$ 9*//&9,&GA$ .29-$
+629,(*>$)2=$9*>9&>,62,&G$5;$&'21*62,(*>$*+$,-&$=*/'&>,$8>G&6$?H$
2>G$ 2>2/;O&G$ 5;$ B2=$ 9-6*42,*B621-;Z42==$ =1&9,6*4&,6;$ CS<Z
T0IA$ K-&$ +629,(*>=$ )(,-$ =(4(/26$ 9*41*=(,(*>=$ )&6&$ 9*45(>&GA$
K-&$ 1*/26 $ +629,(*>$ C&/8,&G$ )(,-$ 4&,-2>*/I $ 2>G$ ,-&$ +629,(*>=$
9*>,2(>(>B$+&668B(>*/$)&6&$6&9*45(>&G:$+86,-&6$=&1262,&G$8=(>B$2$
B/2==$ 9*/84>$ CH"$ 94I$ +(//&G$ )(,-$ 9-6*42,*B621-(9PB62G&$ =(/(92$
B&/: $ 2>G $ &/8,&G $ =&W8&>,(2//; $ )(,- $ >P-&J2>&NG(9-/*6*4&,-2>&$
CFNFI: $ 186&$ G(9-/*6*4&,-2>&:$ G(9-/*6*4&,-2>&N4&,-2>*/ $ CFNFI:$
2>G $ 4&,-2>*/A $ D*86 $ +629,(*>= $ )&6& $ 9*//&9,&G: $ G&=(B>2,&G $ 3$
,-6*8B-$[A$3//$ +629,(*>=$)&6&$ G6(&G$ 2>G$ ,-&$ 2/9*-*/=$ 2>G$ 29(G=$
9*>'&6,&G$,*$,6(4&,-;/=(/;/$G&6('2,('&=$5;$6&29,(*>$)(,-$?:7P5(=P
C,6(4&,-;/=(/;/I,6(+/8*6*29&,24(G& $ CQ0KD3I $ 9*>,2(>(>B $ F\$
,6(4&,-;/9-/*6*=(/2>&$ CKT<0I$ 2, $ ]V^<$ +*6$ 2$ 1&6(*G$ *+$ E$ -A$






QP!FF$ 28,*42,&G$ &J,629,*6A$ K-&$ 58/L$ &J,629,$ )2=$ +(/,&6&G$ 2>G$






(>'&=,(B2,&G $ 8=(>B $ 6&=(> $ =241/&= $ +6*4$ Cupressus  arizonica:$




T*G(+(&G$ +6*4$b(>&=$ CFc!VI$ 2>G$?2@266*$ &,$ 2/A$ CH"F"IA$ <-6*>*=,62,(B621-;$
2+,&6$S62G=,&(>$2>G$7BB$CH""cIA$
!"#$%&'%("$'%%%%%%%%%%%%%%%%%%%%%%%)*+)%,-./.,0*)%10(0*)%2-34#567%-8595"3:%%%%%%%%%%%%%%%%%%%%%%%%);4$%<=>=%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%&=?%




O#;"KD6ED39% J#;D% 4#"N% 2E"53% 85CID9DK% <A% II:R% ?TUP% HCK9% C38% E";39DKHCK9% "O% O";KV95ID% JKC3E7D8% 67""96% "O%Frenelopsis% 6H$% E"##DE9D8% 8;K534% 97D% #C69%
DFECGC95"3%ECKK5D8%";9%2W;#S%<==M:$%
!"#$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$%&'(&)$*+$,-&$./$0*1/2*$345&6$78,96*1:$.26/;$<6&,29&*8=$*+$<2>,256(2:$012(>$$$$$$?2@266*$&,$2/A$
9-6*42,*B621-;$ *>$ =(/(92$ B&/$ (>$ ,)*$ +629,(*>=C$ ,-&$ /&==D1*/26$
+629,(*>$ 5&(>B$ &/8,&E$)(,-$ >D-&F2>&CE(9-/*6*4&,-2>&$ GHCIJ:$ 2>E$
,-&$=&9*>E$1*/26$+629,(*>$5&(>B$&/8,&E$)(,-$4&,-2>*/A$K-&$1*/26$
+629,(*>$ )2=$ E6(&E$ 8>E&6$ 2$ >(,6*B&>$ =,6&24:$ ;(&/E(>B$ 2$ )-(,&$
1*)E&6 $ 9*41*=&E $ 42(>/; $ *+ $ 6&=(> $ 29(E= $ 2>E $ -(B-/; $ 1*/26$




3.3 Palynological method 
K)*$=241/&=:$0*1DS&T*=2=$G,-(=$+6*4$,-&$245&6$*8,96*1J$2>E$
S&T*=2=D<U56&9&=: $ 5*,- $ +6*4$ V2= $ S&T*=2= $ M*642,(*>: $ )&6&$
16&126&E $ +*6 $ 12/;>*/*B(92/ $ =,8E(&= $ (> $ ,-& $ /25*62,*6; $ *+$
3VW<7?K%7V$GP2E6(E:$012(>JA$K-&$6*9X$=241/&=$)&6&$,6&2,&E$
+*//*)(>B $ ,-& $ =,2>E26E $ 12/;>*/*B(92/ $ 16&1262,(*> $ ,&9->(Y8&$
GL2,,&>:$ HZZZJ:$)-(9-$ 9*>=(=,=$ *+$ 2>$ 29(E$ 2,,29X$)(,-$[</:$ [M$
2>E$ [?7\$ 2,$ -(B-$ ,&41&62,86&A$ K-&$ 6&=(E8&$ )2=$ 9*>9&>,62,&E$
2>E$ =(&'&E$ ,-6*8B-*8,$ =(&'&=$ *+$ E(++&6&>,$ B6(E$ =(N&=$ G]"":$ R]":$
^]:$]"$2>E$HR$ȝ4JA$K-&>:$,-&$=241/&=$)&6&$4*8>,&E$(>$B/;9&6(>$
@&//;$ *>$ B/2==$ =/(E&=$ +*6$ /(B-,$ 4(96*=9*1;A$ K-&$ =241/&=$ )&6&$
=,8E(&E $ )(,- $ 2> $ 7/;418= $ L_]H $ *1,(92/ $ 4(96*=9*1&A $ L*,-$
=241/&=$;(&/E&E$ 6&16&=&>,2,('&$2>E$)&//D16&=&6'&E$2==&45/2B&=C$
0*1DS&T*=2=$ ;(&/E&E$ I!!$4(*=1*6&=$ 2>E$ S&T*=2=D<U56&9&=$ #!H$
4(*=1*6&=A$
$
3.4 Microscopic photography 
092>>(>B$ &/&9,6*>$ 4(96*B621-=$ *+$ ,-&$ 9-269*2/$ )&6&$ ,2X&>$
8=(>B$2$[WK3<[W$4*E&/$0DR]""$*+$ ,-&$`>('&6=(,;$*+$a2/&>9(2A$








1*==(5/&$ 5*,2>(92/$ =*869&A$ b8&$ ,*$ &F9&1,(*>2/$ 16&=&6'2,(*>:$ ,-&$
245&6D5&26(>B$E&1*=(,$ 2,$./$0*1/2*$*++&6=$ 2$ 8>(Y8&$*11*6,8>(,;$
,*$9*4126&$,-&$4*/&98/26$9*41*=(,(*>$*+$,-&$245&6$)(,-$,-2,$*+$
,-&$1/2>,$6&42(>=$,-2,$211&26$(>$,-&$=24&$E&1*=(,A$$
K-&$ 2>2/;=(=$ *+$ ,-&$ 1*/26$ ,&61&>*(E=$ *+$ ,-&$ 245&6$ +6*4$ ./$
0*1/2*$ (>E(92,&=$ ,-2,$ 4*=,$ /(X&/;$ 2,$ /&2=,$ ,)*$ 6&=(>$ 16*E89&6=$
9*>,6(58,&E$ ,*$ ,-&$245&6$ 6&9*6E$ GM(BA$IJA$K-&$42(>$126&>,$ 6&=(>$
G,;1& $ 3c $ M(BA $ I2J $ *6(B(>2//; $ 9*>,2(>&E $ 1-&>*/(9 $ 25(&,2>&=$
GE*4(>2,&E $ 5; $ +&668B(>*/J: $ ,*,26*/: $ E&-;E6*25(&,2>& $ 2>E$
1(4262>&d(=*1(4262>&$ 29(E=A$ K-&$ E*4(>2>,$ 6&=(>$ 29(E=$ +*8>E$
)&6& $ H\DE(-;E6*2B2,-*/(9 $ 2>E$ 5(=>*6E&-;E6*25(&,(9 $ 29(E=: $ 2=$
)&//$2=$'26(*8=$*,-&6$2/,&62,(*>$16*E89,=$2>E$4(>*6$Y82>,(,(&=$*+$
92//(,6(=(9$ 29(E$ 2>E$ -(>*X(*/A$ K-&$ =&9*>E$ 126&>,$ 6&=(>$ G,;1&$ Lc$
M(BA $ I5J $ =-26&= $ =*4& $ B&>&62/ $ 9*41*8>E= $ 9-2629,&6(=,(9 $ *+$
9*>(+&6=$)(,-$,;1&$3$245&6:$58,$=-*)=$6&426X25/&$E(++&6&>9&=$(>$
=1&9(+(9$5(*426X&6=A$ W,$9*>,2(>&E$1(4262>&d(=*1(4262>&$29(E=$2=$
,-&$ *>/;$ (E&>,(+(25/&$ 5(*/*B(92/$ 16&986=*6=$ 16&=&6'&E$ 2>E$ =-*)=$
25=&>9&$*+$1-&>*/(9$,&61&>*(E=$G+&668B(>*/:$,*,26*/:$-(>*X(*/J$2>E$
*,-&6$=1&9(+(9$5(*426X&6=$ ,-2,$26&$16&=&>,$ (>$ ,;1&$3$245&6$G&ABA$
E&-;E6*25(&,2>&:$92//(,6(=(9$29(EJA$
K-&$ E(6&9,$ E(2B&>&,(9$ 16*E89,=$ *+$ ,-&$ 1(4262>&d25(&,2>&$ 2>E$
/25E2>& $ 9/2== $ ,&61&>*(E= $ 9*>=,(,8,& $ ,-& $ 42(> $ B&*,&61&>*(E=$
&F,629,25/&$ +6*4$ 5*,-$ ,;1&=$ *+$./$ 0*1/2*$ 245&6A$ K-&$4*E&62,&$
E&B6&&$*+$586(2/$E(2B&>&=(=$*+$,-&$=,8E(&E$42,&6(2/$E&E89&E$+6*4$
,-&$ /*)$ '(,6(>(,&$ 6&+/&9,2>9&$ '2/8&=$ (=$ 9*>=(=,&>,$ )(,-$ ,-&$ -(B-$
/&'&/$*+$16&=&6'2,(*>$*+$,-&$>2,862/$16*E89,$E(,&61&>*(E=$2>E$,-&(6$
E(6&9,$E(2B&>&,(9$E&6('2,('&=A$$
K-& $ 16&/(4(>26; $ 4*/&98/26 $ E2,2 $ *5,2(>&E $ +6*4 $ ,-&$
9*41262,('&$ =,8E;$ *+$ ,-&$ 4&B2+*==(/$ 1/2>,$ /&2'&=:$ &F,2>,$ 1/2>,$
=241/&=$2>E$,-&$,)*$245&6$,;1&=$/&2E$,*$,-&$+*//*)(>B$6&=8/,=C$
G2J$ K-&6&$ (=$ 25=&>9&$ *+$ 25(&,(9$ 2>E$ E&-;E6*25(&,(9$ 29(E=$ (>$
5*,- $ ,;1&= $ *+ $ 245&6 $ =241/&=A $ K-(= $ 2//*)= $ 8= $ ,* $ 6&@&9, $ 2$
6&/2,(*>=-(1$ 5&,)&&>$ ,-&$ 245&6$ 2>E$ 6&=(>$ *+$ S(>29&2&$ =1&9(&=A$
3/=*:$,-&$25=&>9&$*+$,6(,&61&>*(E=$2>E$/25E2,6(&>&$29(E=$E(=926E=$
,-& $ 9*>,6(58,(*> $ *+ $ 2>B(*=1&64= $ G3>E&6=*> $ &, $ 2/A: $ HZZRc$
e2424*,*$&,$2/A:$R""#JA$$
G5J$ W>$ ,;1&$3$245&6:$ ,-&$1-&>*/(9$E(,&61&>*(E=$16&=&>,$ (>$ ,-&$
2>2/;N&E$=241/&=$2>E$,-&$25=&>9&$*+$1-;//*9/2E2>&dX2862>&$,;1&$
,&61&>*(E=$E(=926E$ ,-&$9*>,6(58,(*>$*+$ ,-&$ +24(/;$3628926(29&2&A$
K-&$ 16&=&>9&$ *+$ 1-&>*/(9 $ ,&61&>*(E=$ G+&668B(>*/: $ ,*,26*/ $ 2>E$
-(>*X(*/J$ 1*(>,=$ ,*$ 2$ 6&/2,(*>$ )(,-$ ,-&$ &F,2>,$ 9*>(+&6$ +24(/(&=$
<816&==29&2&:$ K2F*E(29&2&$ 2>E$ S*E*926129&2&A$ [*)&'&6:$ ,-&$
16&=&>9&$ *+$ E&-;E6*25(&,2>&$ G2/=*$ 16&=&>,$ (>$ 6&16&=&>,2,('&=$ *+$
S(>29&2&$2>E$<816&==29&2&c$7,,*$&,$2/A:$R""^J$1*(>,=$ ,*$2$62,-&6$
6&/2,(*>=-(1$ $ )(,-$ ,-&$ +24(/;$ <816&==29&2&A$ K-&$ 16&=&>9&$ *+$
92//(,6(=(9$29(E$(>$,;1&$3$245&6$6&(>+*69&=$2$5(*9-&4(92/$6&/2,(*>$
5&,)&&>$ ,-&$ 126&>,$ 6&=(>$ *+$ 245&6$ 2>E$ 4*E&6>$ <816&==29&2&:$
5&928=&$(>$4*E&6>$9*>(+&6$6&=(>=$,-&$=;>,-&=(=$*+$92//(,6(=(9$29(E$
=&&4= $ ,* $ 5& $ 6&=,6(9,&E $ ,* $ 9&6,2(> $ B&>&62 $ *+ $ <816&==29&2&$
G3>E&6=*>:$R""#JA$K-&$2>2/;=(=$*+$,-&$4*/&98/26$9*41*=(,(*>$*+$
+*==(/$ /&2'&=$ +6*4$ ,-&$ =24&$*8,96*1$ =-*)=$ ,-&$16&=&>9&$ *+$ X&;$
,&61&>*(E=:$=89-$2=$+&668B(>*/:$(>$,;1&$3$245&6$2>E$,-&$2>2/;N&E$
Frenelopsis$ +*==(/$ /&2'&=:$ =8BB&=,(>B$ ,-2,$ ,-(=$ 245&6$ 9*8/E$ 5&$
E&6('&E$+6*4$,-&$B&>8=$Frenelopsis$G<-&(6*/&1(E(29&2&JA$M*6$,-&$
,;1&$3$245&6:$2$1*==(5/&$E(2B&>&,(9$6*8,&$(=$=8BB&=,&E$(>$M(BA$]$
,-2,$ 9*>>&9,=$ ,-&$16&=&6'&E$5(*/*B(92/$ 16&986=*6=$ 2>E$ ,-&$42@*6$
B&*,&61&>*(E=$ +*8>E$ (>$ ,-&$ =241/&$ G7,,*$ 2>E$ 0(4*>&(,:$ R""Rc$
0,&+2>*'2$ &,$ 2/A:$ R""Rc$ [28,&'&//&$ &,$ 2/A:$ R""#c$ S&6&(62$ &,$ 2/A:$
R""ZJA $ P*61-*/*B(92/ $ =(4(/26(,(&= $ 5&,)&&> $ &F,(>9,$
<-&(6*/&1(E(29&2&$ 2>E$ &F,2>,$ <816&==29&2&$ -2=$ 5&&>$ 2/6&2E;$
E&=96(5&E: $ 58, $ ,-&(6 $ 1-;/*B&>&,(9 $ 6&/2,(*>=-(1 $ 6&42(>=$
=1&98/2,('&: $ 42(>/; $ E8& $ ,* $ ,-& $ /29X $ *+ $ 4*/&98/26 $ &'(E&>9&$
G0&*2>&: $ HZZ!c $ P(//&6: $ HZZZc $ M26@*>: $ R""!Jc $ ,-&6& $ 26& $ 2/=*$
12/&*5*,2>(92/ $ E2,2 $ ,-2, $ =811*6, $ 9/*=& $ 2++(>(,(&= $ 5&,)&&>$
<-&(6*/&1(E(29&2&$ 2>E$ 3628926(29&2&$ 42(>/;$ 52=&E$ *>$ +&42/&$
9*>&$4*61-*/*B;A$K-&$9-&4*,2F*>*4(92/$2++(>(,;$5&,)&&>$ ,;1&$
3 $ 245&6 $ 2>E $ ,-& $ 2>2/;N&E $ /&2'&= $ *+ $ Frenelopsis$
G<-&(6*/&1(E(29&2&J:$2>E$ ,-&$2++(>(,;$5&,)&&>$,;1&$3$245&6$2>E$
<816&==29&2&$ 2=$ )&//: $ =,6*>B/;$ =8BB&=,=$ 5(*9-&4(92/$ 2++(>(,;$
5&,)&&>$ ,-&$&F,(>9,$Frenelopsis$2>E$ ,-&$4*E&6>$ 6&16&=&>,2,('&=$
*+$,-&$+24(/;$<816&==29&2&A$
G9J$K-&$*'&62//$,&61&>*(E$9*41*=(,(*>$*+$L$=241/&=$GM(BA$I5J$
(=$ 6&16&=&>,&E$ 5;$ >*>D=1&9(+(9$ 9*>(+&6$ 5(*426X&6=A$ 35=&>9&$ *+$
1-&>*/(9$ ,&61&>*(E=$2>E$H\DE(-;E6*2B2,-*/(9$29(E:$ ,*B&,-&6$)(,-$
2 $ 42@*6 $ 16&=&>9& $ *+ $ E(2B&>&,(9 $ 16*E89,= $ *+ $ 1(4262>& $ ,;1&$
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<130.%# 05%<%=+<#3)5%# 147=C1=+# +1G1# IVJL# +,1=# +,%#/)0TE%N)<1<#
<130.%#IWWL@#S+#31:#4%#5%.1+%C#+)#1#.)(%5#01.:=).)D'81.#5'8,=%<<#
'=#+,%#<%8)=C#<130.%@#B)+,#<130.%<#05%<%=+#,'D,#0%58%=+1D%<#)*#
8)='*%5 # 0)..%= # D51'=<9 # %<0%8'1..: # +,)<% # )* # Classopollis # 1=C#
Inaperturopollenites dubius@#H,%#<0)5%<#)*#&1<87.15#85:0+)D13<#
15%#3)5%#C'&%5<%#+,1=#0)..%=#D51'=<#1.+,)7D,#+,%:#)8875#'=#.)(%5#
13)7=+<@# H,%#3)<+# 7<71.# <0)5%<# 4%.)=D# +)# 4)+,# +,%# +5'.%+%# 1=C#
+1%='1+% # D%=7<# Cicatricosisporites # 1=C# +,%# +5'.%+%# 1=C# 0<'.1+%#
D%=7<#Deltoidospora@#E)..%=#D51'=<#)*#1=8'%=+#1=D')<0%53<#)8875#
<8158%.: # '= # 4)+, # <130.%<@ # H,%: # 15% # 31'=.: # 5%05%<%=+%C # 4:#
3)=)<7.81+% # 1=C # 5%+'87.1+% # 0)..%= # D51'=< # )* # +,% # D%=7<#
Clavatipollenites@#
H,%#E%N)<1<T;U45%8%<#<130.%#%G,'4'+<#,'D,#13)7=+<#)*#0)..%=#
D51'=<# )*# Classopollis # IXW"YL# 1=C# I.  dubius# IXO"YL@# 6+,%5#
D:3=)<0%53)7< # 0)..%= # D51'=< # <78, # 1< # Alisporites  <00@9#
Araucariacites  australis9 # Monosulcites  chaloneri # 1=C#
Spheripollenites# <0@# 05%<%=+# .)(%5# 47+# 5%315A14.%# 0%58%=+1D%<@#










C% OCBTA8% 8AIBAC6A% 53%Classopollis% 2Q>>S:$% +7A% @ABIA39C4A% "D%
6@"BA6 % "D % 97A % 4A3;6 % Deltoidospora % C#6" % 53IBAC6A6 % 2Q&S :$%
Cicatricosisporites 6ICBIA#F% "II;B6% C9% 9756% 6CO@#A$% )345"6@ABO%
@"##A3% 4BC536% CBA% #"E% BA@BA6A39A8% 53% 9756% 6CO@#A% I"O@CBA8% 9"%
MAN"6C6L*UHBAIA6$%
VB"O% C% H5"69BC954BC@75IC#% @"539% "D% W5AEG% 97A% "II;BBA3IA% "D%
Appendicisporites  robustus % C38 % Cicatricosisporites 
patapscoensis% 2V54$%X$<:% 5385IC9A6%C%/C9A%)@95C3YJ588#A%)#H5C3%
C4A$%Z"EAWABG% 97A%"II;BBA3IA%"D%Liliacidites dividuus% 2V54$%X$>:%
C38%97A%#"E%@BA6A3IA%"D%Tricolpites%6@$%5385IC9A%C3%-CB#F%)#H5C3%
C4A % D"B % 97A % MAN"6C6L*UHBAIA6 % 6CO@#A % 2["F#A % C38 % \"HH536G%
>?]]:$%
+7A%CBAC%I";#8%7CWA%HAA3%I"WABA8%HF%O5KA8%I"35DAB%D"BA696%"D%




>_%Liliacidites dividuus% 2M5ABIA:% `BA33ABa% <_%Cicatricosisporites patapscoensis% `BA33ABa% b_%Densoisporites velatus%cAF#C38%d%eB5A4ABa% '_%Taurocosporites 
segmentatus%19"WABa%R_%Pennipollis peroreticulatus%`BA33ABa%X_%Gleicheniidites senonicus%\"66$%
!"#$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$%&'(&)$*+$,-&$./$0*1/2*$345&6$78,96*1:$.26/;$<6&,29&*8=$*+$<2>,256(2:$012(>$$$$$$?2@266*$&,$2/A$
Table 1 List of spores and pollen grains recorded from the Early Albian sediments of Las Peñosas Formation
$ B&C*=2=D<E56&9&= F$ 0*1DB&C*=2=$ F$
Spores    $ $
Appendicisporites robustus G&41$"HI# "$ #A"JI$ #$ #$
Appendicisporites dentimarginatus K6&>>&6$"HLM #$ #$ N$ #AJ"$
Appendicisporites tricornitatus O&;/2>P$Q$R6&(+&/P$"HSM$  "$ #A"JI$ #$ #$
Appendicisporites$=11A N$ #ANH#$ "$ #AN#S
Baculatisporites =1A #$ #$ "$ #AN#S
Biretisporites potoniaei T&/9*86,$Q$01684*>,$"HSS M$ #AJJ#$ M$ #AL"S
Ceratosporites =1A "$ #A"JI$ #$ #$
Cibotiumspora jurienensis UK2/4&$"HSIV$W(/2,*++$"HIS #$ #$ "$ #AN#S
Cicatricosisporites apicanalis$B-(//(1=$Q$W&/(X$"HI" "$ #A"JI$ #$ #$
Cicatricosisporites apitereus B-(//(1=$Q$W&/(X$"HI" "$ #A"JI$ #$ #$
Cicatricosisporites patapscoensis K6&>>&6$"HLM "$ #A"JI$ #$ #$
Cicatricosisporites recticicatricosus TY6(>Z$"HLS "$ #A"JI$ #$ #$
Cicatricosisporites venustus T&[\$"HLM N$ #ANH#$ "$ #AN#S
Cicatricosisporites =11A "M$ ":H#!$ L$ ":NM#
Cingutriletes$=1A "$ #A"JI$ "$ #AN#S
Contignisporites$=11A "$ #A"JI$ #$ #$
Crybelosporites$=1A #$ #$ "$ #AN#S
Deltoidospora australis$U<*81&6$"HSMV$06('2=,2'2$"HIS J$ #AS!I$ "M$ N:LLJ
Deltoidospora minor$U<*81&6$"HSMV$B*9*9\$"HI# !$ ":"IJ$ NI$ S:SMM
Deltoidospora =1A J$ #AS!I$ !$ ":LJ#
Densoisporites velatus O&;/2>P$Q$G6(&Z&6$"HSM "$ #A"JI$ "$ #AN#S
Dictyophyllidites harrisii <*81&6$"HS! N$ #ANH#$ "$ #AN#S
Echinatisporis =1A "$ #A"JI$ #$ #$
Gleicheniidites senonicus$%*==$"HJH #$ #$ J$ #A!"H
Laevigatosporites =1A #$ #$ I$ ":JMJ
Leptolepidites$=1A #$ #$ "$ #AN#S
Patellasporites tavaredensis R6**,$Q$R6**,$"HLN "$ #A"JI$ #$ #$
Retitriletes =1A #$ #$ "$ #AN#S
Stereisporites$=1A #$ #$ "$ #AN#S
Taurucosporites segmentatus$0,*'&6$"HLN "$ #A"JI$ #$ #$
Trachysporites$=1A "$ #A"JI$ #$ #$
Triporoletes reticulatus$UB*9*9\$"HLNV$B/2;+*6P$"HI" "$ #A"JI$ "$ #AN#S
Todisporites$major <*81&6$"HS! "$ #A"JI$ #$ #$
Pollen grains (gymnosperms)   $ $
Alisporites bilateralis$%*8=&$"HSH S$ #AIMJ$ !$ ":LJ#
Alisporites =11A N#$ N:HMI$ "N$ N:JL#
Araucariacites australis <**\=*>$"HJI "N$ ":ILN$ NS$ S:"NM
Callialasporites dampieri T&'$"HL" "$ #A"JI$ #$ #$
Cedripites$=1A "$ #A"JI$ #$ #$
Classopollis classoides B+/8Z$"HSM$&4&>PA$B*9*9\$Q$]2>=*>(8=$"HL" N"M$ M":NII$ JL$ H:JNL
Classopollis =11A S!$ !:S"I$ H$ ":!JJ
Cycadopites$=11A !$ ":"IJ$ N$ #AJ"#
Eucommiidites minor R6**,$Q$B&>>;$"HL# J$ #AS!I$ N$ #AJ"#
Exesipollenites tumulus K2/4&$"HSI L$ #A!!"$ M$ #AL"S
Ginkgocycadophytus nitididus UK2/4&$"HSIV$P&$]&6=&;$"HLN "$ #A"JI$ M$ #AL"S
Inaperturopollenites dubius UB*,*>(^$Q$_&>(,`$"HMNV$a-*41=*>$Q$B+/8Z$"HSM N#S$ M#:"#N$ NJH$ S":#NJ
Inaperturopollenites =11A N"$ M:#!J$ H$ ":!JJ
Monosulcites chaloneri K6&>>&6$"HLM NN$ M:NM#$ !$ ":LJ#
Monosulcites =1A J$ #AS!I$ M$ #AL"S
Pinuspollenites =1A N$ #ANH#$ N$ #AJ"#
Podocarpidites$=1A #$ #$ N$ #AJ"#
Spheripollenites$=1A "N$ ":ILN$ S$ ":#NJ
Vitreisporites pallidus$U%&(==(>Z&6$"HS#V$?(/==*>$"HS! N$ #AM##$ "$ #AN#S
b>P&,&64(>&P$5(=2992,&$1*//&>$Z62(>=$ "$ #A"JI$ L$ ":NM#
Pollen grains (angiosperms)   $ $
Afropollis$=1A N$ #AM##$ "$ #AN#S
Clavatipollenites hughesii$<*81&6$"HS! N$ #AM##$ M$ #AL"S
Clavatipollenites minutus K6&>>&6$"HLM S$ #AIMJ$ "$ #AN#S
Clavatipollenites =1A$U,6(9-*4*=8/92,&V J$ #AS!I$ #$ #$
Clavatipollenites =11A S$ #AIMJ$ J$ #A!"H
Liliacidites dividus UB(&69&$"HL"V$K6&>>&6$"HLM$  M$ #AJJ#$ #$ #$
Pennipollis peroreticulatus K6&>>&6$"HLM "$ #A"JI$ "$ #AN#S
Tricolpites =1A "$ #A"JI$ #$ #$
b>P&,&64(>&P$2>Z(*=1&64*8=$1*//&>$Z62(>=$ L$ #A!!"$ "$ #AN#S




JA6H;#AG% HGFE9"4AD6% A38% @AG#F% A345"6E@GD6K% C75H7% H";#8% 7AJ@%
AL;A95H%7AI596$%+7@%EG@8"D53A3H@%"M%Classopollis%A38% 97@% #"C@G%









6 Plant Cuticles 
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6E$ % 2A38 % 596 % G@EG"8;H95J@ % "G4A36 % H#A665M5@8 % 539" % 97@ % 4@3;6%
Nehvizdyella:K%Pseudotorellia% 6E$K% A38% DA53#F%Frenelopsis A38%
Arctopitys% 2H59@8% A6 Mirovia% 53% 97A9% EAE@GK% I;9% 6@@% ("6"JA% Y%
ZH56á"O/;GA35@HK%<==T:$%
QE% 9"% M";GO95D@% IGA3H7@8% 67""96% "M% 97@% H7@5G"#@E585AH@";6%
H"35M@G % Frenelopsis % 7AJ@ % I@@3 % H"##@H9@8 % 8;G534 % 97@ % #A69%
@XHAJA95"3%53%[;#F%<==V%2\54$%]$^%A38%]$_:K%8;@%9"%97@%#AG4@%AG@A%
@XE"6@8%53%97@%EG"6E@H9%7"#@%@XHAJA9@8$%+7@%67""96%67"C%#A9@GA#%
IGA3H7@6% C597% A% 6534#@% IGA3H7% E@G% 3"8@K% A% IGA3H7534% EA99@G3%
65D5#AG%9"%97A9%8@6HG5I@8%A38%856H;66@8%IF%`AJ5@G"%@9%A#$%2<==>:$%
+7@6@% 3@C% G@H"G86% AG@% "M% 9AE7"3"D5H% A38% EA#@"@3J5G"3D@39A#%
G@#@JA3H@$ % \G"D % 97@ % 9AE7"3"D5H % E"539 % "M % J5@CK % 97@ % 695MMK%
AG95H;#A9@8% #@AMF% 539@G3"8@6% "M%Frenelopsis% C@G@% EG"IAI#F% J@GF%
IG599#@% A38% MGA4D@39@8% C7@3% 9GA36E"G9% "HH;GG@8% 2,"D@a% @9% A#$K%
<==>K%<==<b%S5@GA%@9%A#$K%<=>=:$%)9%#@A69%M"G%6"D@%"M%97@%E#A396%"M%
97@% 536@H9OI@AG534% ADI@G% A66@DI#A4@% "M% -# % 1"E#A"K% 6;H7% A3%
"G4A35aA95"3 % 6;44@696 % A % EAGA;9"H797"3";6 % 8@E"6595"3$ % +7@%
G@EG@6@39A95J@6%"M%Frenelopsis%"HH;E5@8%7AI59A96%MG"D%MG@67CA9@G%
C@9#A386% 9"% 6A#53@K% H"A69A#% "G% @69;AG53@%DAG67@6% 2@$4$%,"D@a% @9%
A#$K% <==>K% <==<b% c@38@6% @9% A#$K% <=>=:$% 1;H7% A% C58@% GA34@% "M%
7AI59A96 % 6;44@696 % E"665I#@ % DA34G"J@O#5W@ % @H"#"4F % M"G % 97@%
Frenelopsis%"M%-#%1"E#A"$%+756%EA#@"@H"#"45HA#%53M@G@3H@%56%A#6"%
6;EE"G9@8%IF%97@%6@85D@39"#"45HA#%H"39@X9%A38%97@%"HH;GG@3H@%"M%
DAG53@% "G% IGAHW567OCA9@G% 53J@G9@IGA9@6% 53% 97@% 6@85D@39% A38% "3%
ADI@G%6;GMAH@6$ 
%
7 Charcoal and Charcoalified Plant Fibers 
 
+7@% M5G69% G@H"G8% "M% H7AGH"A#5M5@8% 2dM;6A535a@8:% E#A39% G@DA536%
5385HA9534%EA#@"M5G@6 56% MG"D% 97@%15#;G5A3% MG"D%/;8M"G8%/A3@% 53%
97@%Z@#67% ?"G8@G6% 53% -34#A38% 2,#A66E""#% @9% A#$K% <==':$% 1H"99%
2<===:%EG"J58@8%A%4@3@GA#%J5@C%"M%97@%BG@Oe;A9@G3AGF%7569"GF%"M%
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8 Marine or Brackish-water Invertebrates on 
Amber Surfaces 
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a b s t r a c t
The composition of terpenoids from well preserved Cretaceous fossil resins and plant tissues from the
amber bearing deposits of El Soplao and Reocín in Cantabria (northern Spain) have been analyzed using
gas chromatography–mass spectrometry and the results are discussed using the terpenoid composition
of extant conifers as a reference. Amber is present at many horizons within two units of coastal to shallow
marine siliciclastics of Albian and Cenomanian age. The fossil resins are associated with black amber (jet)
and abundant, well preserved plant cuticle compressions, especially those of the extinct conifer genus
Frenelopsis (Cheirolepidiaceae).
We report the molecular characterization of two types of amber with different botanical origins. One of
them is characterized by the significant presence of phenolic terpenoids (ferruginol, totarol and hinokiol)
and pimaric/isopimaric acids, as well as their diagenetic products. The presence of phenolic diterpenoids
together with the lack of abietic and dehydroabietic acids excludes both Pinaceae and Araucariaceae as
sources for this type of amber. The biological diterpenoid composition is similar to that observed for
extant Cupressaceae. The second type of amber is characterized by the absence of phenolic terpenoids
and other specific biomarkers. Some terpenoids with uncertain structure were detected, as well as the
azulene derivative guaiazulene. Our results suggest that the amber from Cantabria could be fossilized
resin from Frenelopsis and other undetermined botanical sources. The biological terpenoid assemblage
confirms a chemosystematic relationship between Frenelopsis and modern Cupressaceae.
! 2010 Elsevier Ltd. All rights reserved.
1. Introduction
Amber is fossilized resin produced from the exudates of conifers
and certain angiosperms and is considered to be one of the few fos-
sil deposits of exceptional preservation (Konservat Lagerstätten),
because it permits the conservation of fossil organisms with all
their delicate anatomical details. Fossil resins not only preserve
the anatomy of fossil life forms that were trapped as biological
inclusions, but also constitute a valuable source of information
about their own botanical origin, ancient terrigenous ecosystems
and climatic change by means of their chemical composition
(Anderson and Crelling, 1995).
Analysis of the chemical composition of fossil resins is not
straightforward, because the original biochemical fingerprints of
the resins are usually modified during diagenesis, with the bioterp-
enoids (unmodified biosynthetic natural products) being trans-
formed into geoterpenoids (diagenetic products of degraded
bioterpenoids that are found in amber and fossil plant tissues; Otto
et al., 2007). Despite these diagenetic alterations, geoterpenoids re-
tain the basic skeletal structures of their biological precursors and
can be used as molecular markers (biomarkers; Peters et al., 2005;
Marynowski et al., 2007). Conifers synthesize mainly diterpenoids,
which are, along with sesquiterpenoids, the compounds that pro-
vide the best results as diagnostic biomarkers of conifers and their
resins (Otto and Wilde, 2001). Among the diterpenoids preserved
in amber, labdane derivatives and non-phenolic abietane diage-
netic derivatives have the most limited chemotaxonomic value,
as they occur in all conifer families. On the other hand, phenolic
terpenoids, such as ferruginol and totarol, are produced only by
0146-6380/$ - see front matter ! 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.orggeochem.2010.06.013
* Corresponding author. Tel.: +34 91 520 6402 6458; fax: +34 91 520 1621.
E-mail addresses: cmenor@amyp.es, menorsc@inta.es (C. Menor-Salván), m.na
jarro@igme.es (M. Najarro), francisco.velasco@ehu.es (F. Velasco), i.rosales@igme.es
(I. Rosales), f.tornos@igme.es (F. Tornos).
Organic Geochemistry 41 (2010) 1089–1103
Contents lists available at ScienceDirect
Organic Geochemistry
journal homepage: www.elsevier .com/locate /orggeochem
the members of the families Cupressaceae and Podocarpaceae (Cox
et al., 2007). Therefore, the chemotaxonomic value of these com-
pounds is very high and their presence in amber provides very use-
ful palaeobotanical information. Although the preservation
potential of polar biomarkers is considered to be low (Otto et al.,
2007), the oldest polar diterpenoids have been identified in ex-
tracts of Middle Jurassic fossil conifer wood from Poland (Mary-
nowski et al., 2007), and diterpenoid derivatives could also be
liberated from a Carboniferous amber by pyrolysis (Bray and
Anderson, 2009).
Recently, a new Cretaceous amber deposit with exquisite, well
preserved fossil organisms, mostly insects, has been discovered
in northern Spain (Rábago village in El Soplao territory, Cantabria;
Menor-Salván et al., 2009; Najarro et al., 2009). Based on prelimin-
ary infrared spectroscopy of the El Soplao amber (Najarro et al.,
2009) and previous gas chromatography–mass spectrometry
(GC–MS) studies on amber from a neighboring site in Álava (Alonso
et al., 2000; Chaler and Grimalt, 2005), it has been suggested that
exudate from Agathis (a conifer of the family Araucariaceae) was
the most likely source of this amber, as has also been proposed
for other Cretaceous ambers (e.g. Lambert et al., 1996; Alonso
et al., 2000; Poinar et al., 2004; Chaler and Grimalt, 2005; Delclòs
et al., 2007). This speculation was largely based on the presence
of some geoterpenoids that may have been derived from agathic
and pimaric acids. However, although those compounds and their
diagenetic derivatives are characteristic of Araucariaceae, they are
not diagnostic, because they can also be found in other extant coni-
fer families (Otto et al., 2007). Moreover, Alonso et al. (2000) have
reported the presence of the phenolic abietane ferruginol in the
Álava amber samples, indicating that more extensive study of the
chemotaxonomic information contained in the amber is necessary
to establish its definite botanical origin.
In addition, meso- and macrofossil plant remains of Araucaria-
ceae are absent in these amber bearing deposits, although there
are plenty of cuticles and remains of other vascular plants, especially
the genera Frenelopsis sp. andMirovia sp., of the extinct conifer fam-
ilies Cheirolepidiaceae and Miroviaceae, respectively (Gomez et al.,
2002a;Najarro et al., 2009). This is also the case inmanyother amber
deposits from the Cretaceous of Spain and France (e.g. Delclòs et al.,
2007;Néraudeau et al., 2008). Thus, the recurrent association of am-
ber with cuticles of Cheirolepidiaceae and Miroviaceae, along with
the lack of Araucariaceae remains (except for a small amount of pol-
len grains in the sediments) (Barrón et al., 2001), challenges the pro-
posed origin of the amber. Since chemical evidence has not yet given
a definitive answer, more convincing proof is necessary to accept
Araucariaceae as the source of the resin.
In this study, amber pieces and associated fossil leaves from the
Cretaceous amber bearing deposit of El Soplao (Cantabria; Fig. 1)
were systematically analyzed using complementary techniques
such as infrared spectroscopy (FTIR) and GC–MS. The overall aim
was to identify the terpenoids preserved and their diagenetic
transformation products in the fossil resin and to determine their
possible botanical sources. Due to exceptional preservation, the
amber bearing deposit at El Soplao offers a unique opportunity to
compare the molecular composition of the amber with that of
plant remains from the family Cheirolepidiaceae and Miroviaceae,
which appear in the same deposit. A morphological similarity be-
tween extinct Cheirolepidiaceae and extant Cupressaceae has been
described, but their relationship remains speculative due mainly to
the lack of molecular evidence (Broutin and Pons, 1975; Alvin and
Hluštík, 1979; Seoane, 1998; Miller, 1999; Farjon, 2008). As Chei-
rolepidiaceae is an extinct family, the connection between the
two families could aid in the chemotaxonomical study of amber
and in the confirmation of the botanical origin. We present data
of two separate types of amber found in the El Soplao deposit
and discuss their botanical origin using comparative chemotaxon-
omy based on modern resin compositions and related terpenoids
found in amber associated fossils.
2. Samples and methods
2.1. Geological background
The analyzed samples belong to the Cretaceous succession at the
northwestern margin of the Basque-Cantabria Basin in northern
Spain. During the Cretaceous, the evolution of this basin was con-
trolled by extensional, and perhaps strike-slip, deformation associ-
ated with the opening of the North Atlantic Ocean and the Bay of
Biscay (e.g. Le Pichon and Sibuet, 1971; Rat, 1988; García-Mondéjar
et al., 1996; Soto et al., 2007). Rifting during the Late Jurassic–Early
Cretaceous led to the formation of several narrow sub-basins con-
trolled by E–W, NW–SE and SW–NW trending faults; these basins
host both continental and marine sediments of variable thickness
(García-Mondéjar et al., 1996; Soto et al., 2007).
The study area lies in the Cantabria region immediately to the
north of the Cabuérniga Ridge (Fig. S1; supplementary material),
an E–W fault zone that represents a Late-Variscan structure reacti-
vatedfirst as a paleo-highboundedbynormal faults during the Early
Cretaceous, and later as reversal faults during thewidespread Ceno-
zoic (Pyrenean) compression. The Lower–Middle Cretaceous (Barre-
mian–Early Cenomanian) deposits in the study area are weakly
deformed and affected only by gentle folding. They are composed
of a relatively thin (!200–800 m) syn-rift sequence that lies uncon-
formably on Carboniferous to Lower Jurassic basement (Fig. S1).
A simplified synthesis of the stratigraphy in the El Soplao and
Reocín areas is shown in Fig. 1, with formation names according
to Hines (1985) and revised by Najarro et al. (2009). The amber
bearing deposit at El Soplao is included within the Las Peñosas For-
mation (Fig. 1), a Lower Albian unit (!112–110 Ma) of continental
to transitional marine siliciclastics. Detailed descriptions of field
sections, depositional environments and fossil content of this unit
are given in Najarro et al. (2009). Within the outcrop, the El Soplao
amber deposit is characterized by about 1.5–2 m of dark, carbona-
ceous lutites, siltstones and sandstones with interbedded, centime-
ter to decimeter layers with remarkable accumulations of plant
remains and amber pieces of different sizes and forms (Fig. 2A
and B). Most amber pieces show a blue-purple color under normal
sunlight and bright milky blue fluorescence under ultraviolet light.
Plant cuticles are very abundant in the levels associated with am-
ber (Fig. 2C). They are mainly assigned to the conifer genera Frenel-
opsis and Mirovia, along with other more occasional leaves of the
ginkgoalean genera Nehvizdya and Pseudotorellia (Najarro et al.,
2009). In most of the amber beds, leaves of the genus Frenelopsis
of the extinct conifer family Cheirolepidiaceae are the dominant
macro-botanical remains. Frenelopsis were xeromorphic plants
adapted to coastal habitats and probably grew mainly in brackish
coastal marshes and mangroves, but were adapted to a wider range
of habitats (Gomez et al., 2002a, 2003).
The amber deposit at Reocín (Fig. S1; supplementarymaterial) is
slightly younger than the El Soplao amber deposit. It is included
within the Bielva Formation (Fig. 1), a Latest Albian–Early Cenoma-
nian (!102–99 Ma) unit composed of about 250 m of tidal domi-
nated, estuarine siliciclastic deposits in the study area (Hines,
1985). Within this unit, the amber accumulations are associated
with carbonaceous claystones and tidal channel sandstones devel-
oped in estuarine mouth subtidal areas (López-Horgue et al.,
2001). Despite the differences in age, the Reocín amber shows the
same composition as the El Soplao amber. Thermalmaturity indica-
tors (vitrinite reflectance) ofmacerals in the El Soplao deposit reveal
minor changes in the organicmatter of the resins during their diage-
netic history and maximum thermal conditions during burial of
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!60–70 !C (Supplementary material). Consequently and due to its
higher transparency and lack of inclusions and interferences, the El
Soplao amber was used preferentially for the chemosystematic
study.
2.2. Sampling
Amber pieces, jet (black amber), fossil wood and sediments rich
in plant cuticles were collected from the El Soplao deposit during a
recent excavation in October 2008. Two types of amber pieces
were found at the deposit in the same sedimentological and tapho-
nomical context: A type, characterized by a strong blue-purple col-
or under natural light, purple-reddish under artificial light and less
abundant B type, yellow-honey under artificial light and honey
with a bluish tinge under natural light. We collected the two types
of amber present and the black amber associated with amber of
type A and fossil plant tissue. Plant cuticles were obtained from
claystones by rinsing the plant rich sediment in an ultrasonic bath
of distilled water to remove all the clay and silt sediment. The or-
ganic residue (Fig. 2C) was air dried. Plant fragments and leaves
from different families were distinguished and separated under a
stereomicroscope.
2.3. Analytical methods
2.3.1. Infrared spectroscopy (FTIR)
IR spectra of pulverized solid amber were obtained using a
Nexus Nicolet FTIR spectrometer in the 4000–400 cm"1 range.
2.3.2. Extraction and fractionation
For the analytical characterization, two representative single
pieces (A and B; Table 1) of amber of about 50 g, with the highest
transparency available and free of major inclusions, crusts and
debris, were collected from the El Soplao deposit. Each piece was
crushed and extracted for 4 h with dichloromethane:methanol
(2:1 v:v) using a Büchi model B-811 automatic extractor. The
extractable material constitutes 16% of the total amber weight on
average. One aliquot of extract was injected directly into the port
of the gas chromatograph.
The bulk extractwas then processed in order to purify the pheno-
lic terpenoid fraction and the acidic fraction and to identify unam-
biguously the minor components with higher chemosystematic
value. The aim was to establish a complete descriptive composition
of the amber sample. The extract was concentrated to a volume of
20 ml and fractionated by flash chromatography on silica gel. The
elution was performed using n-hexane, dichloromethane, dichloro-
methane:methanol (1:1 v:v), and methanol as eluents and 25
fractions of 1.5 ml were collected using an automatic fraction
collector. Each fraction was concentrated by evaporation of the
solvent underN2 and analyzed byGC–MS. The fractionswith similar
compositions were combined. The polar fraction (eluted with
methanol) and the fractions containing ferruginolwere recombined,
further separated using a glass column (20 cm) filled with
chromatographic grade silica gel, and eluted sequentially with
n-hexane:dichloromethane (1:1 v:v), pure dichloromethane,
dichloromethane:methanol (1:1 v:v) and methanol. Four fractions
of 20 ml were collected, designated A to D. All fractions were dried


































































































Fig. 1. Chrono- and lithostratigraphy of the El Soplao and Reocín areas (modified from Hines, 1985). Chronostratigraphy after Gradstein et al. (2004).
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by reactionwithN,O-bis-(trimethylsilyl)trifluoroacetamide (BSTFA)
containing 1% trimethylchlorosilane (TMCS) at 65 !C for a period of
3 h. Finally, the derivatized fractions were diluted with n-hexane
and injected into the port of the gas chromatograph.
To study the molecular content of fossil Frenelopsis and Mirovia
leaves (Fig. 2), 5 g of leaves were extracted for 4 h with dichloro-
methane:methanol (2:1 v:v) using a Büchi model B-811 automated
extractor. The bulk extract was filtered and analyzed directly by
GC–MS. The extract was then fractionated using silica gel chroma-
tography in two fractions by elution with n-hexane:dichlorometh-
ane (3:1 v:v) and dichloromethane:methanol (4:1 v:v). The polar
fraction was dried and derivatized using the method described
above. The samples of jet (black amber) were extracted using the
same protocol. Due to the lesser availability of leaves and jet and
the lower percentage of extractable organic matter, we used the
simplified fractionation described above in order to compare their
biomarker composition with that of amber.
2.3.3. GC–MS
The analyses were performed on an Agilent 6850 GC coupled to
an Agilent 5975C quadrupole mass spectrometer. Separation was
achieved on a HP-5MS column coated with (5%-phenyl)-meth-
ylpolysiloxane (30 m ! 0.25 mm, 0.25 lm film thickness). The
operating conditions were as follows: 8 psi carrier pressure, initial
temperature held at 40 !C for 1.5 min, increased from 40 !C to
150 !C at a rate of 15 !C/min, held for 2 min, increased from
150 !C to 255 !C at a rate of 5 !C/min, held constant for 20 min
and finally increased to 300 !C at a rate of 5 !C/min. The sample
was injected in the splitless mode with the injector temperature
at 290 !C. The mass spectrometer was operated in the electron im-
pact mode at 70 eV ionization energy and scanned from 40 to
700 Da. The temperature of the ion source was 230 !C and the
quadrupole temperature was 150 !C. Data were acquired and pro-
cessed using Chemstation software. Individual compounds were
identified by comparing their mass spectra with those of authentic
standards and with published data (see Section 3.2).
3. Results and discussion
3.1. Infrared spectroscopy
The application of IR to the study of amber is well documented
and constitutes a basic technique for the characterization of fossil
resins (Langenheim, 1969; Grimalt et al., 1988; Alonso et al., 2000).
Because of the inclination of all ambers and resins (even non-fossil
resins) to show similar bulk infrared spectra (due to their common
chemical functional groups), IR spectroscopy has strong limitations
for the determination of their botanical origin (Yamamoto et al.,
2006). The IR spectrum of the Cantabrian amber is consistent with
those observed for other amber samples (Fig. S2; supplementary
material) and could indicate that it is composed of a mixture of ter-
penoids and labdatriene copolymers. The band pattern is similar to
the IR spectrum expected for the labdatrienes communic acid and
biformene and their polymers, consistent with the stated macro-
molecular structure of amber (Villanueva-García et al., 2005) and
with the terpenoid composition found (see Section 3.2). The weak
band at 882 cm"1 (Fig. S2, supplementary material) is characteris-
tic of the exocyclic methylene moiety supporting the labdatriene
input. The two types of amber samples found in the deposit show
similar IR spectra.
3.2. Terpenoid composition of Cantabrian amber
The total extracts of the amber containmethylated naphthalenes
(di-, tri- and tetramethylnaphthalenes) and di- and trimethyltetra-
lins, sesquiterpenoids and bi- and tricyclic diterpenoids (Table 1).
GC analysis of the bulk extract shows three different zones in the
gas chromatogram (Fig. 3). The dominant compounds in the early
Fig. 2. Photographs of amber and palaeobotanical components used in this study. (A) In situ amber piece of type A (6 cm) from the El Soplao deposit, showing blue-purple
color under sunlight. (B) Amber piece of type B (3 cm) on fossil wood under sunlight. (C) In situ sediments showing their palaeobotanical components: fossil leaves ofMirovia
and Frenelopsis and one leaf of Ginkgoaceae. (D) Selected leaves of Frenelopsis sp. were used for biomarker analysis. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)
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elution range are a-ionene, methylionene, trimethylnaphthalene
isomers, tetrahydroeudalene, calamenene isomers, drimane and
homodrimane (identified after Dzou et al., 1999 and Sonibare and
Ekweozor, 2004). The a-ionene, methylionene and drimanes may
bederived from labdanes in the resin throughdegradationprocesses
(Yamamoto et al., 2006; Pereira et al., 2009). Overall, these
components are highly degraded diagenetic products that have no
chemotaxonomic value due to their unrecognizable parent struc-
tures. The second section of the gas chromatogram is dominated
by non-oxygenated bi- and tricyclic diterpenoids and the third
section contains polar bi- and tricyclic diterpenoids.We did not find
aliphatic lipids, hopanoids, fungal terpenoids or plant triterpenoids
in the amber samples, discarding an angiosperm contribution and
major contamination.
3.2.1. Abietane diterpenoids
Thediterpenoids identified in the extracts belong to the abietane,
pimarane/isopimarane and labdane structural classes (Fig. 3). These
diterpenoids are typical of conifers (Otto andWilde, 2001; Yamam-
otoet al., 2006), confirmingsuchanorigin for theCantabrianambers.
The abietane class terpenoidswere identified by comparisonof their
mass spectra with those of standards or published in the literature
(Czechowski et al., 1996; Otto and Simoneit, 2002; Otto et al.,
2002; Hautevelle et al., 2006; Cox et al., 2007), and comprised
18- and 19-norabieta-8,11,13-triene (I; chemical structures cited
are shown in Appendix A), dehydroabietane (II), fichtelite (III),
18-norabieta-7,13-diene (IV) and norabiet-13-ene (V). The latter
compound was tentatively identified by match with a mass spec-
trum in the literature (Hautevelle et al., 2006), characterized by a
molecular ion at m/z 260 and loss of an isopropyl group (m/z 217).
18-Norabieta-7,13-diene (IV) was identified only in sample A by a
match with the published mass spectrum (Otto and Simoneit,
2002). This compound has been described as a decarboxylation
product of abietic acid during diagenesis (Otto and Simoneit,
2002). In this case, the precursor molecule has not been found. The
lack of a clear biological precursor for norabieta-7,13-diene (IV) sug-
gests an alternative origin, possibly by double bond isomerization of
unsaturatedabietanes. This composition is consistentwith thedom-
inance of dehydroabietane and abietane geoterpenoids in the type A
amber. The norabietatrienes (dehydroabietins) found in both amber
Table 1
Terpenoids and their diagenetic derivatives identified in bulk and chromatographic fractions of extracts from the ambers (types A and B) of the El Soplao deposit.
Noa Compound Composition MW Relative abundanceb
A B
Abietanes and Podocarpanes
1 (XVI) 16,17-Bisnorsimonellite C17H20 224 38.2 –
2 (XXII) 16,17,18-Trisnorabieta-8,11,13-triene C17H24 228 100 100
3 16,17,19-Trisnorabieta-8,11,13-triene C17H24 228 23.4 20.9
4 (XVII) Retene C18H18 234 1.0 –
5 16,17-Bisnordehydroabietane C18H26 242 4.6 42.5
6 Simonellite C19H24 252 9.3 1.5
7 (XXVII) 14-Methyl-16,17-bisnordehydroabietane C19H28 256 2.5 6.9
8 1-Methyl-10,18-bisnorabieta-8,11,13-triene C19H28 256 – 6.6
9 (I) 18-Norabietatriene (Dehydroabietin) C19H28 256 45.8 14.0
10 (I) 19-Norabietatriene C19H28 256 3.6 4.1
11 (IV) 18-Norabieta-7,13-diene C19H30 258 9.7 –
12 (V) Norabiet-13-ene C19H32 260 57.0 23.0
13 (III) Fichtelite C19H34 262 5.8 d
14 (X) 12-Hydroxysimonellite C19H24O 268 11.8 –
15 (II) Dehydroabietane C20H30 270 40.3 –
16 (XXV) 16,17-Bisnordehydroabietic acidc C18H24O2 272 d d
17 (VIII) Ferruginol C20H30O 286 24.3 –
18 (XIII) Callitrisic acidc C20H28O2 300 d –
19 (XII) Hinokiolc C20H30O2 302 d –
Pimaranes and Isopimaranes
20 (XXI) Pimaric acidc C20H30O2 302 d d
21 (XXII) Isopimaric acidc C20H30O2 302 d d
22 (XXVI) Pimar-8-en-18-oic acidc C20H32O2 304 d d
23 Pimaradiene C20H32 272 – 4.5
Labdanes
24 14,15-Bisnorlabda-8,12-dien-18-oic acidc C18H28O2 276 d d
25 (XXXIV) E-19-Noragathic acid C19H30O2 290 10.6 3.1
26 (XXXIII) Z-19-Noragathic acid C19H30O2 290 3.7 1.5
27 (XXIX) 13-Dihydro-19-noragathic acidc C19H32O2 290 d –
28 (XXVIII) 13-Dihydroagatholic acid C20H34O3 322 11.8 –
Other compounds
29 Ionene C13H18 174 37.2 48.4
30 Methylionene C14H20 188 13.0 34.2
31 Tetrahydroeudalene C14H20 188 16.0 8.3
32 (XXXVII) Guaiazulene C15H18 198 7.6 1.5
33 (XXXVIII) Cadalene C15H18 198 8.2 7.5
34 Drimane C15H28 208 3.6 14.8
35 Homodrimane C16H30 222 3.3 3.9
36 (XXXI) 2,5,8-Trimethyl-1-butyltetralin C17H26 230 79.1 57.3
37 (XXXII) 2,5,8-Trimethyl-1-isopentyltetralin C18H28 244 d 10.8
38 (XX) Diaromatic totarane C19H24 252 1.0 –
39 (XI) Totarolc C20H30O 286 d –
a Roman numerals in parentheses refer to structures shown in Appendix A.
b Abundance relative to the major peak (100%) in the bulk extracts (GC–MS TIC). Occurrence is tabulated on compounds detected only after fractionation and derivatization
(d: detected; –: not detected).
c Also analyzed as the TMS derivative.


















































































Fig. 3. GC–MS total ion current (TIC) traces of the underivatized total extracts of: (A) El Soplao blue amber, type A, (B) El Soplao yellow-blue amber, type B, with the main
terpenoid compounds identified. Peaks not annotated are unidentified, tentatively identified or known compounds with little chemotaxonomic value. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of this article.)
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samples could be derived from all abietane precursors by diagenetic
alteration (Simoneit, 1986; Hautevelle et al., 2006).
Dehydroabietane (II) is a natural product of many Pinaceae res-
ins (Otto et al., 2007) as well as some Cupressaceae resins. In these
samples, dehydroabietane is a significant component in amber
type A, whereas it is not detectable in amber type B, suggesting a
different paleobotanical origin for both types of amber samples.
The absence of abietic (VI) or dehydroabietic acids (VII) eliminates
a Pinaceae contribution to the amber, because abietic acid is a ma-
jor component of such resins and dehydroabietic acid, its major
diagenetic derivative, is present in ambers derived from Pinaceae
(Yamamoto et al., 2006).
Phenolic diterpenoids occur in polar fraction B of the type A am-
ber (Fig. 4), with a dominance of ferruginol (VIII) and its oxidation
products 6,7-dehydroferruginol (IX) and 12-hydroxysimonellite
(X) and totarol (XI) (Otto and Simoneit, 2001; Otto et al., 2002). Fer-
ruginol and 12-hydroxysimonellite are also identifiable (underiv-
atized) in the bulk extract as part of the main components of the
amber (Fig. 3). The presence of these phenolic diterpenoids is of sig-
nificant chemosystematic value, as ferruginol is an abundant natu-
ral product in extant conifers of the families Cupressaceae and
Podocarpaceae and can be used as a characteristic biomarker of
these families (Otto and Simoneit, 2001; Marynowski et al., 2007).
A minor amount of hinokiol (3-hydroxyferruginol, XII; Fig. 5A)
was also found in the type A amber. Hinokiol has been described
from Cupressaceae (Otto et al., 2002; Cox et al., 2007). There is no
reported presence of phenolic diterpenoids in modern Araucaria-
ceae (Cox et al., 2007), but Otto and Wilde (2001) cited the occur-
rence of ferruginol in Araucaria. To avoid this ambiguity and to
test this finding under our experimental conditions, resins of Aga-
this sp. and Araucaria sp. were analyzed and ferruginol was not de-
tected in any Araucariaceae resins. Hence, these results, coupled
with the absence of kaurane or phyllocladane diterpenoids, the
presence of totarol (see below) and the fossil record of the deposit,
suggest that Araucariaceae did not contribute to the main type of
amber found at the studied deposit (type A). On the other hand,
we did not find phenolic abietanes in the type B amber sample. This
fact, taken together with the presence of dehydroabietane in sam-
ple A and its absence in sample B, constitutes the main chemotaxo-
nomic difference between the two types of samples. A significant
relationship between amber type A and modern Cupressaceae is
the presence of a low quantity of callitrisic acid (XIII) which is an
epimer of dehydroabietic acid (VII, Fig. 5). The difference in reten-
tion time with dehydroabietic acid and the higher relative intensity
of the ion atm/z 357 (M-CH3) versus the molecular ion in callitrisic
acid are distinctive features between the two epimers used here for
the identification of the acid (Van den Berg et al., 2000; Cox et al.,
2007). Callitrisic acid has a higher chemotaxonomical value than
dehydroabietic acid due to its scarcity. In modern conifer resins,
the synthesis of callitrisic acid seems to be restricted to certain gen-
era of the Cupressaceae family and it was also found in Cenomanian
amber from the Raritan Formation (New Jersey, USA), suggesting a
relationship with Cupressaceae (Anderson, 2006).
Degradation of phenolic diterpenoids could lead to the abietane
geoterpenoids found in the type A amber (Otto et al., 1997; Otto and
Simoneit, 2001; Stefanova et al., 2002). Hautevelle et al. (2006) and
Yamamoto et al. (2006) discussed the diagenetic pathways of abie-
tane class bioterpenoids, suggesting that 18-norferruginol (XIV)
could be the precursor of dehydroabietin, and ferruginol (VIII) could
lead to 12-hydroxysimonellite (X), simonellite (XV), 16,17-bisnorsi-
monellite (XVI) and retene (XVII), all found in the type A amber. Un-
der the anaerobic depositional conditions of the amber (Najarro
et al., 2009), we could not disregard redox reactions that lead to
the actual composition found (Pereira et al., 2009). If, as in some
modern Cupressaceae genera (i.e. Cupressus; Fig. S3, supplementary





















Fig. 4. GC–MS TIC trace of fraction B resulting from the column separation of the polar fraction of amber A. This fraction contains the partially purified phenolic terpenoids.
Compounds are analyzed as the TMS derivatives.
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diagenesis could ultimately have generated dehydroabietane (II)
and simonellite (XV), both significant in the type A amber.
3.2.2. Totarol
Totarol (XI), a tricyclic diterpenoid phenol, is considered as a con-
firmatory chemotaxonomicmarker for Cupressaceae and Podocarp-
aceae, even at lowconcentrations (LeMétayer et al., 2008; Stefanova
and Simoneit, 2008). Totarol is detectable in the bulk extract using
the characteristicmass fragmentsofm/z271and286. The identifica-
tion is unambiguous in amber sampleA after purification of the phe-
nolic fraction of the bulk extract and analysis as trimethylsilyl
derivatives (Fig. 4). Due to the similarities between themass spectra
of phenolic diterpenoids, the retention time and mass spectrum of
totarol (XI) were determined using a standard (Sigma–Aldrich).
The presence of totarol suggests a relationship between the palae-
obotanic origin of the amber and extant Cupressaceae or Podocarp-
aceae. To test this possibility, the phenolic diterpenoids of the amber
were compared with those from a modern Cupressaceae (Cupressus
arizonica; Fig. S3, supplementary material). Both extracts contain
ferruginol (VIII), totarol (XI) and hinokiol (XII) as themain phenolic
A
B
Fig. 5. GC–MS TIC traces of the polar fractions C of: (A) amber A and (B) amber B. This fraction contains mainly pimaric and labdenoic acids. The figure shows the identified
compounds in the fraction. Unlabelled peaks are considered as unidentified due to the lack of standards and published references or databases with details of their mass
spectra. Compounds are analyzed as the TMS derivatives.
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diterpenoids, but sempervirol (XVIII) has not been observed. A dif-
ference between the assemblage of polar terpenoids from C. arizo-
nica and the amber is the presence of sugiol (XIX) and the lack of
callitrisic acid (XIII) in the former.We identifiedadiaromatic totara-
ne (XX) as apossiblediageneticproduct of totarol (XI),whichmaybe
derived by a parallel diagenetic pathway as simonellite (XV) from
ferruginol (VIII) (Otto et al., 1997). In accordwith the phenolic abie-
tane composition, totarol is not detectable in the type B amber, con-
firming that both amber types found in the Cantabria deposits differ
in their biological origins.
3.2.3. Pimarane/isopimarane diterpenoids
Polar fraction C of amber contains low amounts of pimaric (XXI)
and isopimaric (XXII) acids (Fig. 6). Diagenesis of pimarane
Pimaric acid 









































Fig. 6. Proposed diagenetic pathways for the diterpenoid precursors from the Cantabrian ambers (based on Otto and Simoneit (2002), Stefanova et al. (2002), Hautevelle et al.
(2006), and Pereira et al. (2009)). Dotted box: biological precursors; solid box: major terpenoid found in the samples.
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diterpenoids could be one of the possible origins of 16,17,19-tris-
norabieta-8,11,13-triene (XXIII), a major compound identified in
the amber samples. Another possible origin for this compound is
by diagenesis of dehydroabietane and other abietane related terpe-
noids (Fig. 6; Otto et al., 2002; Pereira et al., 2009). Due to the
widespread distribution of the pimaric/isopimaric acids, the
chemotaxonomical interpretation of their presence in the Canta-
































































Fig. 7. GC–MS TIC traces of the total extracts from: (A) Frenelopsis leaves and (B) jet (black amber), showing the identified biomarkers.
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other markers and samples should be made. Continuing the com-
parison with extant conifers, pimaric and isopimaric acids consti-
tute the main tricyclic resin acids present in the conifer families
Cupressaceae, Araucariaceae and Podocarpaceae (Otto and Wilde,
2001). Taking into account a possible molecular relationship be-
tween the botanical source of Cantabrian amber A and modern
Cupressaceae, if pimaric acid (XXI) and isopimaric acid (XXII) were
the main resin acids in the precursor resin of these ambers, diage-
netic degradation to 16,17,18-trisnorabieta-8,11,13-triene (XXIII)
is consistent with the dominance of the pimarane resin acid com-
pounds in the extract, as loss of the vinyl moiety at C-13, with con-
comitant aromatization and decarboxylation at C-4 generates this
predominant isomer. Following this pathway, the presence of a
related molecule to 16,17,18-trisnorabieta-8,11,13-triene with a
C-13 ethyl group (i.e. 16,18-bisnorabieta-8,11,13-triene, XXIV)
should be expected as well, but we failed to detect such a com-
pound. Otto et al. (2002) reported a significant presence of that
geoterpenoid (XXIV) in fossil resin of the Lower Cretaceous Tritae-
nia linkii (Miroviaceae), but due to the absence of precursor biot-
erpenoids, the assignment to a specific taxon was unclear. Recent
work of Pereira et al. (2009) on Cretaceous amber from Brazil, in-
ferred some intermediates of this diagenetic route (Fig. 6), namely
16,17-bisnordehydroabietic acid (XXV), pimar-8-en-18-oic acid
(XXVI) and 14-methyl-16,17-bisnordehydroabietane (XXVII), that
are also present in the type A amber (Figs. 3–5). Work is in progress
in our laboratory in order to confirm this hypothetical pathway, as
the formation of 14-methyl-16,17-bisnordehydroabietane by rear-
rangement of a pimaradiene or abietane precursor has not been
demonstrated to date.
3.2.4. Labdane diterpenoids
Labdanoic acids and other labdane derivatives are common
components in all conifers and are therefore non-specific biomark-
ers (Otto and Wilde, 2001). 13-Dihydroagatholic acid (XXVIII) is
the predominant labdenoic acid present in the polar fraction of
amber A (Fig. 5). This acid could be a precursor molecule preserved
that constitutes the chemotaxonomic difference between the two
paleobotanical resin producers, as it is not detectable in the extract
of amber B. 13-Dihydro-19-noragathic acid (XXIX), found in sam-
ple A, could be formed from the 13-dihydroagatholic acid (XXVIII)
precursor by loss of the C-19 hydroxymethyl group at C-4 or from
the agathic acid (XXX) precursor by C-19 decarboxylation at C-4,
respectively. The diagenetic transformation of the major labdanoic
acids may be the source of the 2,5,8-trimethyl-1-alkyltetralins,
ionenes and drimanes found in the samples (Fig. 3). The MS frag-
mentation pattern of the major compound of this family, i.e.
2,5,8-trimethyl-1-butyltetralin (XXXI) with a molecular ion at
m/z 230, shows a butyl loss (57 da) from the saturated ring to form
an m/z 173 fragment (see Fig. S4, supplementary material). An-
other homologue of this compound group is 2,5,8-trimethyl-1-
isopentyltetralin (XXXII), which is significant in amber type B
but only occurs in trace amounts in amber A. The degradation
pathway leading to XXXII could be decarboxylation at C-4 of a lab-
danoic acid precursor (i.e. agathic acid, XXX), followed by aromati-
zation of ring A with methyl migration from C-10 to C-1 and
decarboxylation of C-15 (Fig. 6). These compounds were also re-
ported from Brazilian ambers (Pereira et al., 2009). The difference
found between the ambers could be indicative of differential lab-
danoic acid compositions in the original resins. Another source of
these molecules may be the degradation of the labdane macromo-
lecular structure of amber due to particular conditions that pre-
vailed in the Cantabrian deposits (see below). Other diagenetic
degradation products of labdanoic acids found in both amber sam-
ples are Z- and E-19-norlabda-8(20),12-dien-15-oic acids (XXXIII
and XXXIV, respectively) and bisnorlabda-8(20),12-dien-18-oic
acid (XXXV) (Otto and Simoneit, 2002). It is not possible to identify
all peaks found in the polar fractions of the amber extracts due to
the lack of references and possible precursors.
During burial, the El Soplao and Reocín amber deposits suffered
the influence of hydrothermal fluids related to the La Florida-
Reocín Pb–Zn mine mineralization. As a consequence, we cannot
discard the possibility of alternative transformation routes leading
to the unusual compounds found in the amber. These alternative
transformations must be added to the lack of information about
the possible chemotaxonomy of extinct Cheirolepidiaceae. Despite
these uncertainties, which result in the presence of some unidenti-
fied compounds, the low maturation (cf. vitrinite reflectance data,
supplementary material) and excellent preservation of the organic
compounds in the amber allows us to use the components of the
extract to obtain chemotaxonomic information. We suggest that
the tricyclic diterpenes originally biosynthesized by the main
botanical precursor of amber A were dominated by phenolic abie-
tanes, pimarane resin acids and totarol. The bicyclic diterpenes
probably contained a high proportion of labdanoic acids, in partic-
ular 13-dihydroagatholic acid (XXVIII) and communic acid
(XXXVI), whose polymerization leads to the typical macromolecu-
lar structure of ambers.
3.3. Terpenoid composition of co-occurring fossil leaves and
paleochemotaxonomic aspects
Due to the lack of Cupressaceae representatives in all the out-
crops of Las Peñosas Formation (Fig. 1) and the excellent preserva-
tion and dominance of Frenelopsis material, the comparison of the
terpenoid assemblage of these plant remains with those found in
the amber may help to confirm the botanical origin of the fossil re-
sin and to understand the chemosystematics of the extinct family
Cheirolepidiaceae. Since no amber associated with this family has
been documented to date (Bray and Anderson, 2008; Pereira
et al., 2009), the inclusion of Frenelopsis genera as a possible source
of one of the amber types found in the El Soplao deposit has to be
considered. Previous reports relating a possible botanical origin of
ambers to Cheirolepidiaceae should be mentioned (Gomez et al.,
2002b; Roghi et al., 2006). Macrofossil evidence of two potential
conifer resin producers was found by Najarro et al. (2009) in the
study zone: Frenelopsis (Cheirolepidiaceae family) and Mirovia
(Miroviaceae). Also, the palynological record shows a contribution
from the Araucariaceae family, but no meso- or macrofossils of this
family have been recognized yet. As Anderson (2006) pointed out,
the correlation between plant fossil evidence and co-deposited
amber should be taken with caution since the major resin producer
could be a minor species in the ecosystem. As we find two different
potential palaeobotanical contributors for the ambers of the El Sop-
lao deposit, all the types of plant macrofossil remains identified in
the deposit were examined separately in order to establish possi-
ble chemosystematic relationships.
Overall, despite the increase of aromatized derivatives such as
retene, the diterpene speciation in the Frenelopsis leaves shows
that all the main components are shared with the type A ambers
from El Soplao (Fig. 7A). Cadalene (XXXVII) and 16,17,18-trisnora-
bieta-8,11,13-triene (XXIII) are among the biomarkers detected in
the fossil leaves of Frenelopsis. The diagenetic processes undergone
by terpenoids from the fossil leaves are consistent with those ob-
served in sediments, as the leaves are not protected by the poly-
meric structure of the amber. The formation of aromatic
derivatives may be governed by clay catalysis or other abiotic pro-
cesses in soils and sediments (Otto et al., 2007). Also, the aromatic
abietanes may be generated under aerobic conditions, consistent
with the major presence of pristane and the lack of phytane (Peters
et al., 2005). The presence of norabietanes is consistent with the
diagenetic processes for terpenoids described by Frenkel and Hel-
ler-Kallai (1977). 14-Methyl-16,17-bisnordehydroabietane (XXVII)
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and 2,4,8-trimethylalkyltetralins (e.g. XXXI), described above, are
also present in the Frenelopsis leaves. The phenolic abietane ferrug-
inol (VIII) and its derivative 12-hydroxysimonellite (X) are key bio-
markers also found in the Frenelopsis leaves. This result is
consistent with the presence of ferruginol in Cenomanian Frenelop-
sis alata (Nguyen Tu et al., 2000a). This evidence, together with the
absence of ferruginol inMirovia leaves (Fig. 8), suggests that Frenel-
opsis could be one of the botanical origins for the Cantabrian am-
ber. The terpenoid composition found in Mirovia leaves is
dominated by oxidized non-specific abietane terpenoids (mainly
simonellite and retene).
The Frenelopsis leaves and the amber of the El Soplao deposit are
largely associated with jet (black amber). The analysis of jet extract
shows a composition dominated by cadalene and alkyl derivatives
of naphthalene and tetralin. The identifiable terpenoids include
aromatized abietanes and ferruginol. Fractionation and derivatiza-
tion and GC–MS of jet extract showed the presence of ferruginol
and totarol, suggesting that jet has the same botanical origin as
the main type A amber in the deposit.
The azulene hydrocarbon derivative guaiazulene (XXXVIII), an
isomer of cadalene (XXXVII), with a strong blue color and pur-
ple-blue fluorescence, is found in low amounts in all type A am-
bers, Frenelopsis leaves and jet, suggesting a common origin from
sesquiterpenoids synthesized by Cheirolepidiaceae. Guaiazulene
is a common compound with low chemosystematic value, but
the presence of this hydrocarbon in amber has not been reported
to date. The significant quantity of this compound in the El Soplao
samples could be at the cause for the characteristic blue-purple
tinge of these ambers. Although the relationships between Chei-
rolepidiaceae and extant conifers are unclear (Bray and Anderson,
2008; Pereira et al., 2009), a morphological and histological corre-
lation between Cheirolepidiaceae and Cupressaceae has been
established (Daviero et al., 2001; Farjon, 2008). Moreover, Nguyen
Tu et al. (2000b) have observed a resemblance between the lipid
composition of Frenelopsis alata and Tetraclinis articulata, a repre-
sentative of Cupressaceae. The presence of ferruginol in Frenelopsis
(Nguyen Tu et al., 2000b and the present data) confirms the
hypothesis of a possible relationship between Frenelopsis and the
Cupressaceae family. Moreover, the presence of 13-dihydroagat-
holic acid (XXVIII) in the amber and the overall biomarker assem-
blage show a similarity to extant Cupressus genera (see Fig. S4,
supplementary material). The resemblance in the chemical compo-
sition between Frenelopsis and Cupressaceae representatives may
be due to convergence, as it has been demonstrated that the phys-
ical similarities between these taxa resulted from convergence
rather than phylogenetic connection (Broutin and Pons, 1975;
Alvin, 1982). The evolutionary changes in the biochemistry of ter-
penoids since the synthesis of the parent resin of amber to the
modern conifers are unknown. Consequently, we should consider
that the lack or presence of certain compounds in a correlation
with extant conifers is informative, and that detailed biomarker
compositions of extinct conifer fossils, complemented by morpho-
logical and histological relationships, are necessary to establish a
definite evolutionary relationship. Keeping this in mind, the paleo-
botanical considerations suggested by our data obtained on macro-
fossil plant samples and amber types can be summarized as
follows:
a. The absence of abietic and dehydroabietic acid in both types
of amber samples excludes an origin from resin of the Pina-
ceae family. Also, the absence of plant triterpenoids and
labdenoic acids eliminates a contribution from angiosperms
(Anderson et al., 1992; Yamamoto et al., 2006).
b. The presence of phenolic terpenoids (ferruginol, totarol and
hinokiol) in the type A amber indicates the conifer families
Cupressaceae and Podocarpaceae as possible biological pre-
cursors, and rejects the Araucariaceae family. The presence
of callitrisic acid (XIII) reinforces the biochemical relation-
ship between the parent resin of amber and modern
Cupressaceae. The plant macrofossil record in the deposit
shows that there are no representatives of Cupressaceae or
Podocarpaceae among the possible resin producers (Najarro
et al., 2009). The co-occurrence of key terpenoids (e.g. fer-
ruginol), between amber A and fossil tissue of Frenelopsis
suggests that this amber could be derived from Frenelopsis
(Cheirolepidiaceae).
Fig. 8. GC–MS TIC trace of the total extract of Mirovia sp. leaves found in the amber deposit at El Soplao showing the identified biomarkers. Solid dots: n-alkanes (last dot:
C30).
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c. The overall terpenoid composition of the type B amber is
comprised of non-specific conifer biomarkers. The absence
of phenolic terpenoids and of 13-dihydroagatholic acid
(XXVIII), together with the presence of major amounts of
diagenetic products of pimarane-type diterpenoids, satu-
rated and unsaturated norabietanes, and alkyltetralins point
to a different biological origin. A paleobotanical source for
this type of amber could not be determined on the basis of
its biomarker composition.
4. Conclusions
Analysis of the polar diterpenoids of Cretaceous ambers from El
Soplao (Cantabria, Spain) indicates that two resinproducers contrib-
uted to the amber record. The main parent resin (type A) originally
contained phenolic abietanes (dominated by ferruginol), totarol,
dehydroabietane and pimaric/isopimaric acids. The dominant resin
acids found are 13-dihydroagatholic and bisnordehydroabietic
acids, with various other alteration products and a minor quantity
of callitrisic acid. This composition suggests a biochemical relation
with the resin of extant Cupressaceae. The second parent resin (type
B) contains pimaric/isopimaric acids as the only identifiable biolog-
ical precursors preserved. The phenolic diterpenoids present in the
samples (typeA), the lack of phyllocladane/kaurane-type terpenoids
and the absence of macrofossil plant remains exclude a significant
contribution of Araucariaceae to the amber. Diagenetic products of
the pimarane/abietane and labdane class terpenoids constitute the
main geoterpenoids extractable from the amber of El Soplao. In-
sights from petrographic characterization of coal macerals provide
a correlationbetween temperature, timeand level of organicdiagen-
esis, indicating only amoderate degree of diagenetic alteration dur-
ingburial. This is consistentwith thehigh level of preservationof the
natural product diterpenoids and their direct diagenetic derivatives.
The sedimentological relationships and chemotaxonomical obser-
vations suggest that one source of the amber may be the extinct
Frenelopsis (Cheirolepidiaceae).
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The Early Aptian Oceanic Anoxic Event (OAE1a) is a time interval characterized by increased organic carbon
accumulation in marine sediments, notable sedimentary and biotic changes, and abrupt carbon-isotope
excursions indicative of signiﬁcant major palaeoenvironmental changes linked to a perturbation in the global
carbon cycle. Here we present the study of four sections recording the OAE1a (Early Aptian) in Spain, which
are located in two broad basins respectively located in the South and the North of Iberia: the Southern Iberian
Palaeomargin (Carbonero, La Frontera and Cau sections) and the Basque–Cantabrian Basin (Puentenansa
section), which represent depositional settings ranging from shallowmarine (distal ramp -Cau- and drowned
platform -Puentenansa-) to pelagic environments (Carbonero, La Frontera). Biomarker compositions,
C-isotope proﬁles, biostratigraphic data and facies analysis from the four sections are correlated and integrat-
ed. The C-isotope curves all present a clear negative excursion followed by a positive shift. The integration of
the C-isotope curves with the biostratigraphic data has been used to correlate the studied sections and to ten-
tatively identify the eight segments formerly proposed from the Alpine domain, and subsequently identiﬁed
in sections worldwide. Four main groups of compounds are present in all sections: n-alkanes, isoprenoids,
hopanes and steranes. n-Alkanes and acyclic isoprenoids (pristane and phytane) are dominant in most samples.
The hopanes are represented by a range of C27 to C35 components, with the speciﬁc isomers varying amongst the
sections due to differences in thermal maturity. Steranes occur as a range of C27, C28 and C29 isomers, whereas
diasteranes only occur in the most thermally mature section (Carbonero). Other compounds of interest include
gammacerane and dinosterane. Differences in thermal maturity appear to be the ﬁrst order control on different
biomarker assemblages amongst the studied sections. The Carbonero section is thermally mature, whereas the
nearby La Frontera and Cau sections are immature. Puentenansa has intermediate values. Organic matter is de-
rived from a range of terrestrial, marine and bacterial sources. The dominance of the C29 sterane isomers in all
sections suggests a strong contribution from higher plants. The presence of gammacerane indicates water col-
umn stratiﬁcation, and high C29/C30 hopane ratios suggest anoxia at the water/sediment interface, respectively.
Sedimentologic analysis also suggests anoxic conditions during sedimentation, but evidence for strong and per-
sistent water column anoxia is equivocal. The correlation of the sections reveals that sedimentation of
organic-rich facies started earlier in pelagic and later in the shallow marine settings, which can be related to
an expansion of the favorable conditions for organic matter accumulation and preservation from deep marine
waters to shallower platform environments during the development of OAE1a.
© 2012 Elsevier B.V. All rights reserved.
1. Introduction
The Cretaceous was generally characterized by a greenhouse cli-
mate state (Hallam, 1985; Wilson and Norris, 2001), with a reduced
latitudinal temperature gradient (Huber et al., 1995; Hay, 2008), ele-
vated pCO2 levels (Beerling and Royer, 2002, and references therein),
and high sea level (e.g. Jenkyns, 1980; Skelton, 2003). In this context,
signiﬁcant short-term changes took place in the ocean-climate
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system, primarily reﬂected in the widespread deposition of organic
carbon-rich marine sediments, whose relation to anoxic marine con-
ditions led to the deﬁnition of Oceanic Anoxic Events (Schlanger and
Jenkyns, 1976; Jenkyns, 1980). Subsequent research on OAEs have
revealed that they represent notable perturbations in the global
carbon cycle, which have been related to massive submarine volca-
nism, formation of oceanic plateaus, and increased rates of seaﬂoor
spreading (Leckie et al., 2002). These perturbations were reﬂected
in rapid climate and environmental changes (Jenkyns, 2003;
Dumitrescu et al., 2006; Hermoso et al., 2009) affecting both the ma-
rine and continental realms (e.g. Skelton, 2003).
Among the OAEs that punctuated the Cretaceous Period, the one
that occurred during the Early Aptian (so called OAE1a) was one of
the ﬁrst identiﬁed and remains one of the most widely studied. It
had a global extent (Arthur et al., 1990; Leckie et al., 2002) and a du-
ration of 1.0 to 1.3 Myr (Li et al., 2008). Sediments recording this
event have been recognized in the Tethys domain (“Selli level”,
Menegatti et al., 1998; Hochuli et al., 1999; Luciani et al., 2001; de
Gea et al., 2003; Erba and Tremolada, 2004; Heimhofer et al., 2004;
Aguado et al., 2008; de Gea et al., 2008b; Najarro and Rosales,
2008b; Rosales et al., 2009; Mehay et al., 2009; Millán et al., 2009;
Najarro et al., 2011a, b; Stein et al., 2011, among others), in the Boreal
domain (Gröcke et al., 1999; Föllmi et al., 2006), in the Paciﬁc
(Jenkyns, 1995; Ando et al., 2002; Price, 2003; Dumitrescu and
Brassell, 2005), and Mexico (Bralower et al., 1999). Dramatic environ-
mental changes occurred in association with OAE1a in settings rang-
ing from continental to pelagic, and particularly in shallow marine
carbonate platforms. Among the most striking time-related phenom-
ena were the “nannoconid crisis” (Erba, 1994; Aguado et al., 1999;
Erba et al., 2010), profound changes in the marine biota (e.g. Bralower
et al., 1994; Erbacher et al., 2001; Leckie et al., 2002), and drastic per-
turbations in land vegetation and in continental weathering (Föllmi
et al., 2006). Nevertheless, other studies suggest that major pCO2
and vegetation changes did not occur during OAE1a (Heimhofer et
al., 2004).
The impact of OAE1a on shallow carbonate platform environments
has been analyzed in several studies. One major environmental per-
turbation is the widespread drowning event recorded at multiple
sites (i.e. Weissert et al., 1998; Föllmi et al., 2006; Castro et al.,
2008; Najarro et al., 2011a; Castro et al., 2012). In addition, notable
faunal and facies changes in carbonate platforms have been related
to the OAE1a (i.e. Huck et al., 2012), including the remarkable wide-
spread development of Lithocodium–Bacinella episodes in the Tethys
domain (Immenhauser et al., 2005; Bover-Arnal, 2010; Rameil et al.,
2010).
A pervasive feature of OAE1a stratigraphic successions is the series
of pronounced isotopic excursions, ﬁrst negative and then positive,
that occur in both δ13Ccarb and δ13Corg (e.g. Menegatti et al., 1998;
Leckie et al., 2002; de Gea et al., 2003; Herrle et al., 2004, among
others). The widespread documentation of these features of the car-
bon isotope proﬁle in numerous successions of marine carbonate
and pelagic sediments from the aforementioned Tethys, Boreal and
Paciﬁc regions enables their use as a tool for stratigraphic correlation
and as a record of the global perturbations of the carbon cycle. Al-
though there is general agreement that the positive excursion in sed-
imentary δ13C values arises from increased burial of organic matter
during the OAE, multiple explanations have been proposed to explain
the negative carbon isotope excursion at the onset of OAE1a and, by
extension, the causal mechanism. One explanation is that emplace-
ment of large igneous provinces (LIPs; e.g. Ontong-Java and
Manihiki Plateaus: Larson, 1991; Larson and Erba, 1999; Tejada et
al., 2009; Mehay et al., 2009) raised atmospheric pCO2 and enhanced
nutrient ﬂuxes to the ocean. Other potential triggers include dissoci-
ation of gas hydrates releasing methane in continental margin sedi-
ments (Beerling and Royer, 2002; Jahren et al., 2005), or increased
recycling rates of 12C and nutrient-rich intermediate waters linked
to changes in ocean productivity (Menegatti et al., 1998; Larson and
Erba, 1999; Erba and Tremolada, 2004; Weissert and Erba, 2004).
This paper presents the study of four sections recording the OAE1a
in Spain, from two different basins (Southern Iberian Palaeomargin
and North Cantabrian Basin, Fig. 1), and also representing different
palaeogeographic settings (shallow marine and pelagic settings).
The sections have been characterized using a combination of isotopic,
elemental and biomarker approaches. The latter have been widely
used in the investigation of OAEs, including the assessment of marine
productivity, terrestrial vs. marine sources of organic matter, and the
redox state of the ocean (Meyers, 1997; Pancost et al., 2004). The
timing of C-rich sediment deposition is interpreted with respect to
the local carbon isotope stratigraphy, with biomarker and elemental
analyses being used to further constrain changes in organic carbon in-
puts and differences in thermal maturity among the four sections.
Overall, the integration of stratigraphy and geochemistry, and the
correlation with reference sections, has led to present a sedimentary
model which assess mechanisms for the spread of anoxia, taking
into consideration global and regional effects.
2. Geological setting
2.1. Palaeogeographic framework
During Aptian times the sedimentary basins of Iberia were strongly
inﬂuenced by the relative motions of the contiguous Eurasian and Afri-
can plates (Fig. 1). The initiation of the seaﬂoor spreading in the North
Atlantic, which started very early in the Cretaceous, led to a decrease
in the sinistral movement between Iberia and Africa that had prevailed
during part of the Jurassic (Ziegler, 1988), and to a phase of rapid anti-
clockwise rotation of Iberia relative to Europe that would culminate in
seaﬂoor spreading in the Bay of Biscay from middle Aptian times on-
wards (Olivet, 1996; Vergès andGarcía-Senz, 2001). In that geodynamic
framework, extensional tectonics prevailed in the main sedimentary
basins, including the two considered in this paper: theNorth Cantabrian
Basin (NCB), which belonged to the northern margin of the Iberian
plate, and the Southern Iberian Palaeomargin (SIPM) (Fig. 1). That ex-
tensional tectonism experienced a strong phase during the latest Juras-
sic to the Hauterivian, followed, during the Barremian–Aptian, by an
interval of smaller tectonic movements but larger subsidence rates,
that favored the development of wide and thick carbonate platforms
(including the Urgonian facies) in the shallow areas of the basins
(e.g., Martín-Chivelet et al., 2002; Vera, 2004).
The Lower Cretaceous sequence of the SIPM includes thick succes-
sions (>3000 m) of carbonates and siliciclastics that were deposited
in shallow platforms (mostly in the so-called Prebetic Zone, Fig. 2A)
and hemipelagic/pelagic settings (dominant in the Subbetic Zone,
Fig. 2A) (e.g. Ruiz-Ortiz, 1980; Martín-Chivelet et al., 2002; Vera,
2004). The conﬁguration of the SIPM was deﬁned by a series of
basin-scale troughs and swells, bounded by large extensional faults
roughly parallel to the continental margin, that were initiated in the
Middle Jurassic (e.g., Azéma et al., 1979; García Hernández et al.,
1980; Vera, 1988; Ruiz-Ortiz et al., 2001). This tectonic pattern con-
trolled strong differential subsidence and deposition rates. The strat-
igraphic sections herein considered correspond to depocentral areas
in both the Prebetic (Cau section), and the Subbetic (Carbonero and
La Frontera sections) (Fig. 2A).
The North Cantabrian Basin (NCB) was a relatively small
(≈20×80 km), E–W elongated sub-basin, which belonged during
the Mesozoic to the larger Basque–Cantabrian Basin (BCB). Located
in the northwestern margin of the BCB, this sub-basin behaved inde-
pendently for most of the Cretaceous, and was relatively less
subsident than other areas of the BCB. It was separated from the
rest of the basin to the east by a N–S complex fault structure (Río
Miera Flexure; Feuillée and Rat, 1971). The NBC was generated by
rifting tectonics linked to the opening of the Bay of Biscay and
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North Atlantic during the Late Jurassic and the Early Cretaceous. This
tectonism structured a series of horsts and grabens, mainly outlined
by the presence of N–S, NE–SW, and E–W oriented faults, which con-
trolled differential subsidence and sedimentation patterns at least
during Barremian–Albian times (Najarro et al., 2007, 2011a). The
Lower Cretaceous sediment inﬁll includes relatively thick successions
(up to 2000 m thick) of siliciclastics and carbonates, deposited in en-
vironments that ranged from ﬂuvial/estuarine to open marine. The
studied section corresponds to the Puentenansa road outcrop, near
the village of Rábago (Fig. 2B). This area, characterized by moderate
subsidence during sedimentation, corresponded to the footwall
block of the N–S Bustriguado synsedimentary fault, which is consid-
ered as a Cretaceous left–lateral transfer fault (García-Senz and
Robador, 2009; Najarro et al., 2009).
Interestingly, the studied successions in the SIPMand theNCB, despite
their proximity from a global perspective, were isolated from each other
during deposition because of the palaeogeography of Iberia and the
palaeoceanography of the surrounding seas. The SIPM belongs to the
westernmost part of the northern margin of the Tethys, whereas the
NCB belongs to the North Atlantic realm. That relative isolation favored,
for example, the development of separate faunal (sub)bioprovinces dur-
ing Cretaceous times (e.g., Caus and Hottinger, 1986; Caus et al., 2009).
Beyond regional tectonics and palaeogeography, the sedimentation in
the basins of Iberia should be also inﬂuenced in Aptian times by eustatic
changes (e.g., Immenhauser et al., 1999; Immenhauser, 2005) and
regional climate. At that time Iberia was located approximately between
23° and 33° North latitude, with a tropical to subtropical climate
(e.g., Masse et al., 2000).
2.2. Previous stratigraphic data of the studied sections
2.2.1. Southern Iberian Palaeomargin (SIPM)
Three sections have been previously studied, two from the pelagic
Subbetic domain (La Frontera and Carbonero), and one other from the
Prebetic domain (Cau section), which represents shallow marine
settings.
2.2.1.1. La Frontera section. This section is located in the South of the
Jaén province (Fig. 2A) and was deposited in a pelagic environment,
in a rapidly subsiding area bounded by extensional faults. In this
area of the Subbetic Zone, the Barremian is represented by a pelagic
rhythmite of the Carretero Formation, whereas the Aptian is repre-
sented by the Carbonero Formation, comprising dark marls with an
interval of black shales in the Early Aptian, interpreted as the local re-
cord of OAE1a (Fig. 3). Here, the presence of calcareous nannofossils
has led to the identiﬁcation of the Hayesites irregularis and lower
Rhagodiscus angustus biozones (Fig. 3). A detailed biostratigraphic
characterization of this section, based on planktonic foraminifers, ra-
diolarians and ammonites, can be found in Aguado et al. (1992a) and
de Gea (2004).
Fig 1. a. Schematic geological map of the Iberian Peninsula showing the main geological units and the location of the studied sections (see Fig. 2 for details). b. Paleogeographic
reconstruction of Iberia and its surroundings during the Aptian (simpliﬁed from Masse et al., 2000) showing the palaeogeographic location of the studied basins: the Southern Ibe-
rian Palaeomargin and the North Cantabrian Basin, respectively located in the southern and the northern margins of Iberia. Note that these basins were inverted and deformed in
the Alpine Orogeny during the Tertiary, and are now respectively incorporated into the External Zones of the Betic Cordillera and the Western Pyrenees.
Fig. 2. Location of the studied sections. A.—Betic Cordillera: Cau section belongs to the Prebetic Zone, and Carbonero and La Frontera sections are located in the Subbetic Zone. B.—North
Cantabrian Basin: Puentenansa section is located in La Florida area, which formed in the south- western margin of the Basin.
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2.2.1.2. Carbonero section. This section is located in the South of the
Jaén province, ﬁfteen kilometres westward of the La Frontera section.
In spite of the proximity, the Carbonero Formation here has strong
differences to the La Frontera section and occurs as a rich association
of facies, including marls and marlstones, black shales, radiolarian
marls, siliceous shales, calcareous turbidites, cinerites, and concre-
tions of barite and carbonate. de Gea et al. (2008a) provided a
detailed study of several sections within the area of Carbonero
section. They proposed a model of a small subsiding pelagic sub-
basin bounded by active faults leading to scarps feeding the turbidite
levels, associated with volcanic activity. This small sub-basin has a
more complete stratigraphic record than the surrounding areas,
with a locally restricted environment leading to high contents of or-
ganic matter, along with the development of barite concretions,
interpreted to reﬂect anoxic conditions (Molina and Hernández-
Molina, 1993; Bréheret and Brumsack, 2000; de Gea et al., 2008a).
Characterization of nannofossil assemblages has led to the recogni-
tion of the Micrantholitus hoschulzi, H. irregularis and lower part of
R. angustus biozones (Aguado et al., 1992b; Molina et al., 2001; Fig. 3).
2.2.1.3. Cau section. This section is located in the NE of the Alicante
province (Fig. 2A) and represents the distal parts of a shallow carbon-
ate ramp. In this setting, hemipelagic sedimentation took place dur-
ing the late Barremian to late Aptian, when a progradational
episode led to the deposition of shallow platform carbonates during
the latest Aptian–Albian. The late Barremian to late Aptian is repre-
sented by the Almadich Formation, comprising hemipelagic marls
and marlstones with ammonites, planktonic foraminifers and
calcareous nannofossils. This formation includes a horizon of black
marls corresponding to the Early Aptian OAE1a (Fig. 4). This black
marl interval occurs in the lower part of the Schackoina cabri plank-
tonic foraminifer biozone, H. irregularis nannofossil biozone, and cor-
responds also to the ´nannoconid crisis´ (Aguado et al., 1999; de Gea
et al., 2003). The high organic matter content along with the plank-
tonic foraminifers association (with elongation of the chambers)
have been proposed to be related to anoxic–dysoxic conditions in
the water column during sedimentation (Aguado et al., 1999; de
Gea et al., 2003). The stratigraphy, biostratigraphy and isotope
chemostratigraphy of the Cau section have been presented in detail
in previous publications (Aguado et al., 1999; de Gea et al., 2003;
Castro et al., 2008).
2.2.2. North Cantabrian Basin (NCB)
The Puentenansa section is located to the West of Cantabria, in the
eastern edge of the North Cantabrian Basin. It is well exposed alongside
the Puentenansa road. In this outcrop, the Aptian succession lies uncon-
formably on the Permian to Early Triassic sedimentary rocks. The Early
Aptian lithostratigraphy in this area is complex, including four
formations: the Rábago and Umbrera Formations (lower Bedoulian),
which consist of shallow platform limestones, marls and sandstones;
the Patrocinio Formation (mostly early Bedoulian, Deshayesites weissi
ammonite biozone and middle upper part of the H. irregularis
nannofossil biozone; Rosales et al., 2009; Najarro et al., 2011b), com-
prising open marine, black marls and marly siltstones. These deposits,
which represent the local record of the OAE1a, reﬂect the shutdown
of the shallow water carbonate factory, as the result of a combined
Fig. 3. Carbonero and La Frontera sections. Lithostratigraphy, biostratigraphy, and C-isotope curves. C1 to C8 refers to C-isotope stratigraphy proposed by Menegatti et al., 1998.
Samples referred in sections are those selected for biomarker analysis.
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action of a relative sea-level rise and environmental stress, and record a
net deepening-upward trend leading to a drowned platform (Najarro et
al., 2011a). Nannofossil assemblages from the Patrocinio Formation
allow the recognition of theH. irregularis and lowerR. angustus biozones
(Fig. 4), showing the presence of a stratigraphic gap in the Patrocinio
Formation of this area that lasts until the lower Gargasian andwhich af-
fects the record of OAE1a (Najarro et al., 2011b). Finally, in this section
the Reocín Formation (Gargasian), comprising shallow platform lime-
stones, overlies the Patrocinio Formation.
3. Methods
3.1. Stratigraphy and biostratigraphy
Through previous extensive ﬁeld work, the selected sections have
been intensively investigated. As a result, the lithology, biostratigraphy
and sedimentology of each section has been previously described in de-
tail and ﬁnally integrated in a regional stratigraphic context (Aguado et
al., 1992a,b, 1999; Castro, 1998; Molina et al., 2001; de Gea et al., 2003;
de Gea, 2004; de Gea et al., 2005, 2008b, 2008c; Najarro et al., 2007;
Najarro and Rosales, 2008a,b; Najarro et al., 2011a,b).
To allow further and integrated analyses, and to reﬁne the dating
and correlation between the different sections, all four were
resampled for geochemical analyses and calcareous nannofossil and
planktonic foraminiferal characterisation. The marly lithotypes were
preferred for sampling in order to obtain the best preserved assem-
blages. In the Carbonero section, about 33 samples were collected at
irregularly spaced intervals (50 cm–5 m) along a 120 m thick
sucession of marls, marly limestones, black shales and radiolarian
marls (Carbonero Formation), spanning the Lower Aptian–lower
part of the Upper Aptian interval. The La Frontera section was
sampled at a higher resolution, also at irregularly spaced intervals
(15–250 cm), in order to characterize biostratigraphically and sedi-
mentologically the small changes in facies and/or lithology. A total
of 100 samples were collected from the marls, marly limestones and
black shales of the Carretero and Carbonero Formations spanning
the uppermost Barremian–lower part of the Upper Aptian interval.
The Cau section was re-sampled for more detailed dating and for geo-
chemical analyses. Finally, in the Puentenansa section, 15 samples of
marls and marly siltstones were collected across the Lower Aptian
Patrocinio Formation at approximately regular intervals of 2 m, and
another 10 limestones were collected from the platform units below
and above the Patrocinio Formation.
For calcareous nannofossil characterization, simple smear slides
were prepared following standard procedures (Bown and Young,
1998). No physical concentration or separation was applied in order
to retain the original assemblage composition. A polarizing light mi-
croscope at 1250× magniﬁcation was used to investigate the
nannofossil assemblages through, at least, a longitudinal traverse of
the smear slide (200 ﬁelds of view). Also, a fraction of each sample
was disaggregated and washed through sieves, the residue being sep-
arated into three fractions (>200 μm, 100–200 μm and 50–100 μm).
For each sample, the two great sized residues were investigated for
planktonic foraminiferal content, although the richest assemblages
were found in the 100–200 μm residues. A portion of the selected
samples was separated for geochemical analyses, including carbon
isotope, elemental and biomarker characterization.
3.2. Oxygen and Carbon isotopes
Oxygen and carbon stable isotope analyses were performed on
marls collected from the four sections, and also on carbonates from
Fig. 4. Cau and Puentenansa sections. Modiﬁed from de Gea et al. (2003) and Najarro et al. (2011a). Samples named in sections refer to those selected for biomarker analysis.
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the Puentenansa section. Carbonero and La Frontera samples were
powdered using an agate mill. The δ13C values of carbonates were de-
termined by treatment with 103% orthophosphoric acid using a VG
Isocarb system thermostatized at 90 °C. The produced CO2 was ana-
lyzed with an IRMS (Isotope Ratio Mass Spectrometer) VG Prism II.
For analysis of organic matter δ13C values, samples were treated
with 3% HCL for 24 h to remove carbonates and then analyzed with
an elemental analyzer Carlo Erba 1108 coupled to a IRMS VG
Isochrom in continuous ﬂow mode. These analyses were performed
at the Stable Isotope Laboratory (SIDI) of the Universidad Autónoma
of Madrid and Servicio General de Isótopos Estables of the University
of Salamanca (Spain). The results are expressed in the common
δ-notation in per mil (‰) relative to the VPDB-standard. The interna-
tional carbonate standard NBS-19 (National Bureau of Standards;
δ13C=1.95‰ and δ18O=−2.20‰) was used to calibrate to V-PDB,
with an average precision of 0.1‰ for δ13Ccarb and 0.15‰ for
δ13Corg analyses. A description of the method used for the
Puentenansa and Cau sections has been published in Najarro et al.
(2011b) and de Gea et al. (2003), respectively.
3.3. Elemental analyses and total organic carbon
A total of 33 samples from the studied sectionswere analyzed for total
organic carbon (TOC) concentrations and elemental composition
(CNHSO and XRF). The CNHSO and X-ray ﬂuorescence analyses were
performed in the Centro de Instrumentación Cientíﬁca of the Universidad
de Jaén,with a Thermo Finnigan FlashEA1112 CHNS-O Elemental Analyz-
er, and an X-Ray expectrometer Bruker AXS model Pioner S4 explorer,
respectively. The TOC analyses were performed in the Centre of Atomic
Spectrometry of the Universidad Complutense (Madrid) with a
SHIMADZU TOC-V device that performs the 680 °C combustion catalytic
oxidationmethod. The TOC concentrationwas determinedby subtracting
the inorganic carbon (IC) concentration from the total carbon (TC) in
each sample.
3.4. Biomarkers
A collection of 15 samples, with an emphasis on the OAE1a inter-
vals, were selected from the studied sections (Figs. 3 and 4), in order
to characterize the thermal maturity and organic source inputs. The
samples were externally washed with dichloromethane (DCM) to re-
move contamination from handling and then crushed using a
Pulverissete 5 agate mill. The crushed samples were Soxhlet extracted
for 48 h with 500 ml DCM/MeOH (80:20). Activated copper turnings
were added to the solvent ﬂask to remove elemental sulphur from the
Carbonero samples. After extraction, the turnings were removed, and
the solvent volume was reduced under reduced pressure. The ex-
tracts were separated into three fractions by column chromatography
using activated alumina and sequential elution with hexane (saturat-
ed hydrocarbons), hexane:dichloromethane (9:1) (aromatic com-
pounds), and methanol (polar compounds).
The saturated hydrocarbon fractions were analyzed with gas
chromatography–mass spectrometry (GC–MS). GC–MS was carried
out on a Thermo DSQ II gas chromatograph connected to a Thermo
Trace Ultra mass spectrometer in the Centro de Instrumentación
Cientíﬁca of the Universidad de Jaén, and a ThermoQuest Trace GC–MS
housed in the Organic Geochemistry Unit (School of Chemistry) of the
University of Bristol. TheGCwasﬁttedwith a fused silica capillary column
(Supelco Equity–5; 30 m x 0.25 mm x0.25 μm) and was operated with
helium as carrier gas. The samples (in hexane) were injected at 70 °C
and the oven was subsequently programmed to 130 °C at 20 °C/min
and then at 4 °C/min to 300 °Cwhere it was held for 25 min. Biomarkers
were identiﬁed by comparison of mass spectra and retention time with
those reported in the literature (i.e. Peters et al., 2005); for the identiﬁca-
tion of gammacerane an authentic standard purchased byChironwas co–
injected.
4. Results
4.1. Chemo- and biostratigraphy
The carbonate (Ccarb) and bulk organic carbon (Corg) isotopic pro-
ﬁles are shown for each of the four sections (Figs. 3 and 4). Part of the
data included in the curves comes from previous papers dealing with
single sections (see de Gea et al., 2003 for the Cau section, and Najarro
et al., 2011b for the Puentenansa section). The biostratigraphy of
these successions is mostly based on the references cited and also
on new data from this study. The reference curve used here for corre-
lation is that published by Menegatti et al. (1998), because is the
more widely used (i.e. Immenhauser et al., 2005; Föllmi et al., 2006;
Dumitrescu and Brassell, 2006; Stein et al., 2011; Jenkyns et al.,
2012), and it is focused on the same time interval studied here.
Other more recent proposals of subdivision of the Barremian–Aptian
C-isotope curve have also been considered (Bralower et al., 1999;
Wissler et al., 2003; Herrle et al., 2004).
4.1.1. La Frontera section
The δ13Ccarb values of the La Frontera section range between 1.0‰
and 4.0‰ (Fig. 3). The lowest 9 samples in the section, corresponding
to the latest Barremian marls and marly limestones of the Carretero
Formation (Micrantholithus hoschulzi nannofossil biozone, Aguado et
al., 1992a), show little isotopic variation, with values of δ13Ccarb rang-
ing from 1.8‰ to 2.1‰ (Fig. 3). A stratigraphic gap, including proba-
bly part of the uppermost Barremian and the lowermost Aptian, has
been interpreted to exist at the top of this lower portion of the sec-
tion, because the marker species Hayesites irregularis is not recorded
in the uppermost part (uppermost Barremian) of the Carretero For-
mation and the overlying black facies of the Carbonero Formation
are within the ‘nannoconid crisis’ interval (Fig. 3). This stratigraphic
gap affects the complete lower member of the Carbonero Formation
(lowermost Aptian), which is not represented in this section. A
minor 0.5‰ positive excursion in carbonate, with a maximum value
of 2.3‰ occurs within the middle member of the Carbonero Forma-
tion, in layers belonging to the H. irregularis nannofossil biozone
and located within the interval corresponding to the ‘nannoconid cri-
sis’ (Fig. 3). This excursion is followed by 10 m of largely carbonate-
free black-shales, after which the positive excursion apparently
continues to a maximum value of 4.0‰. Eprolithus ﬂoralis was
recorded in the ﬁrst sample above the carbonate-free rocks. Within
the following 8 m interval, corresponding to the lowermost part of
the R. angustus nannofossil biozone and S. cabri planktonic foraminiferal
biozone, the δ13Ccarb values remain relatively high (minimum 3.2‰;
average 3.6‰). High abundances of Assipetra, (A. infracretacea and
A. terebrodentaria), including large-sized specimens (A. infracretacea
ssp. larsonii and A. terebrodentaria ssp. youngii; Tremolada and Erba,
2002), characterize this interval from the base of the middle member
of the Carbonero Formation (Fig. 3). The next 5 m of the isotopic proﬁle
display an overall negative trend reaching aminimum of 1.0‰, coincid-
ingwith theGlobigerinelloides ferreolensis and lower part ofG. algerianus
planktonic foraminiferal biozones (Lower–Upper Aptian transition). Fi-
nally, δ13Ccarb values in the uppermost 12 m of the investigated interval
are characterized by a slight increasing trend (maximum 2.8‰ but also
a marked minimum value of 1.9‰). This last interval is Late Aptian in
age, and is characterized biostratigraphically by the upper part of
G. algerianus planktonic foraminifer biozone.
The δ13Corg values of the La Frontera section range between−21.0‰
and−27.4‰, and present a continuous record of C-isotope data. Gener-
ally, the δ13Corg values parallel the δ13Ccarb curve. In detail, a large neg-
ative excursion, from −23.9‰ to −27.4‰, occurs in the interval
lacking a δ13Ccarb record. The subsequent positive excursion is charac-
terized by an increase in δ13Corg values to−23.8‰ and this does parallel
the δ13Ccarb proﬁle. However, also present in the upper part of the
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δ13Corg proﬁle are several high frequency andhigh amplitude variations,
with maximum shifts of 4.0‰ (Fig. 3).
4.1.2. Carbonero section
The samples from the Carbonero section were taken in the type
area of the Carbonero Formation (de Gea et al., 2008a). In this section,
a stratigraphic gap has been interpreted to exist between the upper-
most Barremian marls and marly limestones of the Carretero Forma-
tion and the overlying bluish-grey marls with intercalations of
calcareous turbidites comprising the lower member of the Carbonero
Formation (Lower Aptian). This gap, with a lower extent than that ob-
served in the La Frontera section, has been deduced on the basis of the
absence of the nannofossil H. irregularis in the Carretero Formation.
The bluish-grey marls of the lower member of the Carbonero Forma-
tion, containing moderate to high proportions of nannoconids and
H. irregularis, predate the ‘nannoconid crisis’ event (de Gea et al.,
2008a). The base of the overlying black shales and radiolarian marls
of the middle member of the Carbonero Formation (local expression
of the OAE 1a), coincides with the onset of the ‘nannoconid crisis’.
For this reason, a new stratigraphic gap has been interpreted to
exist in this section between the lower and middle members of the
Carbonero Formation (de Gea et al., 2008a). Finally, the FO of the
nannofosil E. ﬂoralis, has been recorded near the base of the alterna-
tion of greenish-grey marls and calcarenites of the upper member of
the Carbonero Formation.
The Carbonero section has been analyzed at a lower resolution
than the La Frontera section, but both the δ13Ccarb and δ13Corg proﬁles
are complete and largely parallel each other. Overall, they exhibit the
same general trends as observed in the La Frontera Section (Fig. 3).
δ13Ccarb values vary between 3.1‰ and −7.9‰. The lower 20 m of
the section (lower member of the Carbonero Formation), have con-
stant values around 0.8‰ but then increase slightly up to 1.2‰. The
following 28 m is characterized by a dramatic negative trend to
values of approximately−7.9‰ in the radiolarian marls of the middle
member of the Carbonero Formation. The next 15 m record a positive
trend, up to 1.5‰, and the upper 80 m are characterized by generally
elevated values (from 1 to 3‰).
The δ13Corg proﬁle reproduces some of the major trends recorded
by δ13Ccarb values, albeit at a reduced amplitude. Values range from
−28.9‰ to −24.4‰, although only a 2‰ decrease occurs from 30
to 40 m, such that the magnitude of the negative carbon isotope ex-
cursion is much smaller than that recorded by carbonates.
4.1.3. Cau section
The studied interval of the Cau section belongs to the Almadich
Formation. The lower member of the Almadich Formation in the
Cau section encompass the Upper Barremian to lowermost Aptian in-
terval and consists of a rhythmic alternation of marly limestones and
light grey marls. The FO of H. irregularis has been recorded immedi-
ately above a ferruginous surface located within this lower member.
As the levels below the ferruginous surface were assigned to the
M. hoschulzii nannofossil biozone, a stratigraphic gap, probably affect-
ing the uppermost Barremian and the lowermost Aptian, was
interpreted to exist within this lower member (Aguado et al., 1999).
The onset of the ‘nannoconid crisis’ event and an increase in the
abundance of large-sized morphotypes of the nannofossil genus
Assipetra (A. infracretacea ssp. larsonii and A. terebrodentaria ssp.
youngii; Tremolada and Erba, 2002) were observed within this
lower member about 15 m above the ferruginous surface (Aguado
et al., 1999). Themiddle member of the Almadich Formation is mainly
composed of black shales andmarls and its base coincides with the FO
of the planktonic foraminifer Schackoina cabri. The FO of E. ﬂoralis has
been recorded near the base of the marly limestones and grey marls
characterizing the upper member of the Almadich Formation.
The δ13Ccarb proﬁle shows a clear pattern, with the same general
trends observed in the La Frontera and Carbonero sections, with
two prominent positive excursions separated by a negative shift.
The lowest part of the curve is poorly documented, as it is represent-
ed by only two analyses, with a lowest value of 1.4‰, and is capped
by a discontinuity at the Barremian–Aptian boundary. The ﬁrst posi-
tive excursion, with a maximum value of 2.7‰, is recorded within
the Deshayesites weissi ammonite biozone (Fig. 4), predating the
onset of the ‘nannoconid crisis’. The subsequent negative excursion
attains a minimum value of 0.4‰ in the uppermost part of the
H. irregularis calcareous nannofossil biozone (equivalent to G. blowi
planktonic foraminiferal biozone). The upper positive excursion, occur-
ring in the Deshayesites deshayesi and Dufrenoyia furcata ammonite
biozones, spans over 50 m and achieves a maximum value of 3.7‰
(Fig. 4). The δ13Corg record parallels that of the δ13Ccarb, but with a
lower sharpness (Fig. 4). de Gea et al. (2003) proposed a C-isotope stra-
tigraphy, correlated with biostratigraphy published in Aguado et al.
(1999), in which they recognized the eight segments ﬁrst proposed by
Menegatti et al. (1998) (Fig. 4). Although the C-isotope curve does not
have a high-resolution, and some uncertainty in the segment bound-
aries can be acknowledged, the C3–C4 boundary, in the uppermost
part of B. blowi biozone, is located at the base of the organic-rich inter-
val, which records the main positive excursion.
4.1.4. Puentenansa section
The studied interval in the Puentenansa section corresponds to the
Patrocinio Formation, which consists, in this section, of a 31 m thick
succession of open marine argillaceous and silty marls overlying a
13 m thick unit of rudist, gastropod and coral limestones and
orbitolinid marls. The contact between the two units is an unconfor-
mity represented by a dissolution surface coated by a thin ferruginous
crust, suggesting a brief episode of emersion at the top of the lime-
stone followed by a ﬂooding surface. Above this surface, deposition
of the marls of the Patrocinio Formation occurred as consequence of
platform drowning as the result of a combined action of a relative
sea-level rise and poisoning by siliciclastic (Najarro et al., 2011a).
According to the study of nannofossil assemblages in the studied sec-
tion, the ﬁrst 22 m of the Patrocinio Formation belong to the upper
half of the H. irregularis Zone, and the absence of narrow canal
nannoconids has allowed the identiﬁcation of the “nannoconid crisis”
within this interval (Najarro et al., 2011b). The FO of E. ﬂoralis is reg-
istered 5 m above the sample PN-9 (Fig. 4). This biostratigraphic
event allows the assignment of the upper part of the Patrocinio For-
mation in the Puentenansa section to the R. angustus Zone, suggesting
the existence of a stratigraphic gap affecting to the upper part of the
Lower Aptian (Najarro et al., 2011b).
In this section the δ13Ccarb record can be subdivided into three suc-
cessive intervals (Najarro et al., 2011a), (Fig. 4). The basal interval co-
incides with the Rábago and Umbrera Formations. It shows relatively
homogeneous and positive δ13C values in the Rábago Formation
(mean of +2.2‰), and a signiﬁcant and progressive decrease of
about 1‰ through the Umbrera Formation (but still with positive
values). The second interval of the δ13C curve correlates with the
Patrocinio Formation. This interval is characterized by a notable
negative excursion from values of −0.4‰ at the base of the interval
to−4.5‰ at the top. This negative excursion is not gradual but punc-
tuated by three negative peaks (−2.9‰, –4.1‰ and −4.5‰ respec-
tively; Fig. 4). Finally, the third interval in the δ13Ccarb record shows
the return to positive values, corresponding to the Reocín Formation.
The carbon isotope composition of the bulk organic matter measured
across the Patrocinio Formation in the Puentenansa section (δ13Corg in
Fig. 4) ranges between−21.2‰ and−25.2‰, and shows three prom-
inent negative spikes. From the bottom, the C-isotope curve starts
with values of −22.2‰ and decreases sharply to −24.8‰, resulting
in a ﬁrst negative excursion of 2.6‰ in magnitude. This is followed
by a return to more positive values (−21.6‰). The subsequent
δ13Corg values show a gradual decrease towards lower values,
reaching a minimum of −25.2‰ (second negative spike of 3.5‰ in
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magnitude). Then, the values become progressively higher up to
values of −22.6‰. Finally, at the top of the Patrocinio Formation,
the proﬁle displays a third negative spike of−24.6‰ (~2‰ in magni-
tude) above the hiatal unconformity (Fig. 4).
The δ13Ccarb and δ13Corg proﬁles lack the C4 to C7 isotopic seg-
ments of Menegatti et al. (1998), due to a discontinuity (Fig. 4)
(Najarro et al., 2011b). Therefore, in the Puentenansa section only
segment C3 of the OAE1a was recorded (Fig. 4). This section differs
from the sections studied in the SIPM mainly due to the presence of
shallow water carbonates at the base of the Aptian and in the Upper
Aptian (Fig. 4).
4.2. Elemental geochemistry
The TOC contents across all four sections vary between 0.5% and
5.6% (Table 1). Higher TOC contents occur in Carbonero and La
Frontera sediments (average TOC=3.8% and 1.9%, respectively),
whereas Cau and Puentenansa sediments have lower TOC contents
(average TOC=1.0% and 0.6% respectively). Sulphur is absent or
present in only trace concentrations in La Frontera and Cau, whereas
it is present in low concentrations in the other sections (Puentenansa
average S=0.1% and Carbonero average S=0.22%). Major element
distributions (Table 1) clearly differentiate the four sections: Cau
samples are marls and Puentenansa are mudstones, whereas
Carbonero and La Frontera samples present a higher variability relat-
ed to the facies differentiation between marls, mudstones and radio-
larian marls.
4.3. Distributions of hydrocarbon biomarkers
The extractable hydrocarbons are dominated primarily by n-alkanes,
acyclic isoprenoids, steranes and hopanes (Fig. 5), although some sec-
tions also contain strong low-molecular-weight (Cau) or high-
molecular-weight (Carbonero) unresolved complex mixtures (UCM).
n-Alkanes are saturated straight-chain compounds (Fig. 5), mainly de-
rived fromvascular plants, both fromaquatic (short-chain) and terrestri-
al (long-chain) environments (e.g.Meyers, 1997); however, attributing a
speciﬁc source to any n-alkanes in the more thermally mature settings
(see below) is problematic due to catagenetic alterations. Acyclic
isoprenoids are composed of polymerized isoprene units, and the domi-
nant compounds identiﬁed here, pristane and phytane, are typically con-
sidered to be derived from chlorophyll (e.g. Powell and McKirdy, 1973;
but see ten Haven et al., 1987). Hopanes are C27–C35 pentacyclic
triterpenoids and originate from bacterial bacteriohopanepolyols
(Ourisson et al., 1982). Steranes are tetracyclic triterpanes arising from
diagenetic alteration of sterols and consequently almost exclusively de-
rive fromeukaryotic organisms (e.g.Moldovan et al., 1985). Inmost sam-
ples, the n-alkanes, acyclic isoprenoids and hopanes dominate, with
variable ratios of n-alkanes/hopanes, and steroids represent a lower con-
tribution (Fig. 5).
4.3.1. n-Alkanes
The n-alkanes are present and typically the dominant compounds
in most chromatograms. Short and long-chain n-alkanes are present,
ranging from n-C13 up to n-C35 (Fig. 5), in all samples, but the distri-
bution varies signiﬁcantly among the samples studied, both between
different sections and stratigraphically. In the Puentenansa and La
Frontera sections there is a clear and strong bimodal distribution, repre-
sented by low-molecular-weight (LMW; bC22) componentswith no car-
bon preference and high-molecular-weight-components (HMW; >C24)
that have an odd-over-even carbon number predominance (OEP) at La
Frontera but not at Puentenansa (Fig. 6). In contrast, all of the Carbonero
rocks samples are dominated by short-chain compounds and the HMW
components have no carbon number preference. Somewhat intermedi-
ate distributions occur in the Cau samples.
To facilitate interpretation of these n-alkane distributions, we have
calculated two different ratios (Fig. 6): the HMW/LMW ratio ([n-C25+
n-C26+n-C27+n-C28+n-C29]/[n-C17+n-C18+n-C19+n-C20+n-C21])
in order to constrain the relationship between long and short-chain
compounds, and also the odd-over-even predominance ratio (OEP1=
C21+(6×C23)+C25/(4×C22)+(4×C24), and OEP2=C25+(6×C27)+
C29/(4×C26)+(4×C28)), deﬁned by Scalan and Smith (1970). We note
that the HMW/LMW ratio has also been presented as the Terrestrial to
Aquatic Ratio (TAR; Bourbonniere and Meyers, 1996), but the TAR ter-
minology is not used in this context because of the prominent control
of thermal maturity on calculated ratios (see below). There is a clear
OEP (Table 2 and Fig. 6) in all of the La Frontera and Cau samples
(OEP1=1.07–1.73; OEP2=1.75–3.49), but it is low or absent in the
Puentenansa and Carbonero samples (PN: OEP1=1.37–1.53; OEP2=
0.60–1.59; CAB: OEP1=0.71–1.35; OEP2=0.84–1.41; Table 2). Similar-
ly, all Carbonero samples are characterized by a dominance of short-
chain n-alkanes (average HMW/LMW ratios of 0.62±0.36). HMW/
LMW ratios at Puentenansa are similar to those at Carbonero (0.69±
0.47), but the distribution is different, as it is bimodal (see Fig. 5). In
the other sections, the HMW n-alkanes are proportionally more abun-
dant (HMW/LMW ratios at La Frontera=0.83±0.61 and Cau=1.33±
0.17).With respect to vertical trends,we acknowledge thatwehave lim-
ited data fromeach section; nonetheless, the CAB and CAU sections,with
Table 1





N% C% S% Al2O3% SiO2% CaO%
La Frontera
XF-103.1 43.25 1.1 0.0467 3.9193 0
XF-96.2 26.90 1.4 0.0478 3.8031 0
XF-1-33 25.7 0.7 0.0612 0.5714 0
XF-1-27 24.5 0.8 0.063 0.6515 0
XF-1-23 23.4 1.7 0.0945 1.3781 0.0397
XF-1-20 13.89 59.19 0.78
XF-1-13 13.26 58.35 1.04
XF-1-1 9.47 29.8 23.98
XF-90.16 22.20 4.5 0.0296 6.7333 0 6.05 26.35 29.83
XF-90.5 20.00 0.7 0.0318 6.0533 0 7.49 27.24 27.61
XF-79 13.50 4.1 0.0418 5.517 0
XF-72 9.30 4.8 0.0683 7.2018 0
Puentenansa
PN-14 29 0.5 0.0513 0.1489 0.0014 20.89 46.66 0.33
PN-13 27 0.8 0.0439 0.3525 0.0112 20.02 46.83 0.84
PN-10 21 0.6 0.0473 0.6973 0.0092 19.81 48.54 1.81
PN-7 15 0.6 0.0431 0.5447 0.2433
PN-5 11 0.9 0.0418 1.1211 0.1706
PN-4 9 0.7 0.0443 0.7718 0.1178
PN-3 7 0.4 0.0275 3.7348 0.0123
PN-2 5 0.6 0.0425 1.216 0.2702
PN-1 3 0.5 0.0436 1.4614 0.292
Cau
Cau-32a 88.3 0.9 8.14 16.55 37.12
Cau28a 60.6 0.7 0.0225 9.8446 0 5.57 11.3 42.69
Cau23a 52.5 1.9 0.0338 9.3192 0.006 7.09 14.24 39.12
Cau20a 46 1 0.0305 9.4636 0.0071
Cau19a 42 0.9 0.0279 9.2777 0.01 5.48 12.5 41.06
Cau16a 37.1 1 0.0337 8.6089 0.0369 6.98 16.84 36.76
Cau13a 33.6 0.8 0.0213 8.2714 0.0138 7.57 17.99 35.94
Cau12a 29.5 1.1 0.1051 0.9445 0.0846
Cau10a 25.1 0.9 0.0192 9.2012 0
Carbonero
CAB-7 63.6 4.2 0.15 5.8234 0.1344
CAB-6 53 5.6 0.18 5.3984 0.1254
CAB-5 51 4.8 0.14 5.3118 0.7261 9.8 52.16 8.66
CAB-4 51 1.1 0.08 0.9067 0.2114 13.46 58.56 2.5
CAB-2C 40 3.7 0.1 6.6046 0.2951 10.3 35.05 19.71
CAB-2A 30.3 4.2 0.09 3.5869 0.0303 12.4 42.06 12.13
CAB-1J 25 3 0.0579 4.8499 0.0514 10.2 33.96 20.63
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greater sample resolution, show a clear variability trough the section in
the HMW/LMW ratio (Fig. 6).
4.3.2. Isoprenoids
Pristane and phytane are abundant in all samples and exhibit high
variability in their relative abundances. The Pr/Ph and isoprenoid/
n-alkane ratios vary strongly, both between different sections and
stratigraphically (Table 2 and Fig. 6). Pr/Ph ratios are highest in the
Carbonero (Pr/Ph=2–4.65, average=2.98) and La Frontera samples
(Pr/Ph=2.08–4.6, average=3.4), have intermediate values in the
Cau samples (0.67–3.15, average=1.64) and have the lowest values
in the Puentenansa samples (0.6–0.68). At the Cau and Carbonero sec-
tionswhere amore complete suite of samples has been analyzed, Pr/Ph
ratios generally decrease upsection, with highest values coinciding
with pre-negative δ13C excursion levels. The isoprenoid/n-alkane ratios
(Fig. 6) are also highly variable, with generally higher Pr/n-C17 ratios
and lower Ph/n-C18 ratios in the Carbonero Section than at Cau
(Table 2 and Fig. 6).
4.3.3. Hopanes
Hopanes are present in all of the samples studied, ranging in car-
bon number from C27 to C35. The C30 component is dominant in the
Carbonero and La Frontera samples, C31 is dominant or equivalent
to C30 in Cau samples, and the C29 hopane is dominant in the
Puentenansa section (Fig. 7). The C31–C35 extended hopanes
(homohopanes) are present in CAB and PN samples, whereas in
CAU and XF samples only C31–C32 compounds are present. The com-
monly observed decrease in hopane concentration from C31 to C35 oc-
curs in all samples, except for PN-15, where the C35 component is
somewhat more abundant than the C34. Crucially, the distribution of
hopane stereoisomers differs dramatically among the four sections
(Fig. 7 and Table 3). The 22S/(22S+22R) homohopane ratio is 0.5
in the Carbonero and Puentenansa samples, whereas in La Frontera
and Cau this ratio is 0.13–0.37. Similarly, the 17α,21β(Η) isomers
are dominant in the Carbonero and PN sections, with subordinate
abundances of the 17β,21α(Η) diastereomers (moretanes), whereas
the Cau samples are characterized by a dominance of hopane diaste-
reomers with the 17β,21β(Η) conﬁguration, although 17α,21β(Η)
and 17β,21α(Η) diasteromers are also present. The Ts and Tm C27
hopane diastereomers are present in all samples, with a Tm/Ts ratio
≥1 in the Carbonero, La Frontera and Cau samples and a Tm/Ts
ratio b0.4 in Puentenansa samples.
Gammacerane is present only in the Puentenansa samples (con-
ﬁrmed with standard co-injection), where this compound has a rela-
tively high abundance in comparison with hopanes (G/C30=0.58).
4.3.4. Steranes
A range of C27 to C30 steranes occur in all of the sections studied
(Fig. 8); in a broad sense, the relative distributions are similar, with
C29 always being dominant (48%–70%), C27 intermediate (19%–28%),
and C28 minor (9%–31%), but considerable variability within that
framework is present. Further variability is reﬂected by the abun-
dance of a C30 4-methylsterane, tentatively interpreted to be
dinosterane on the basis of its mass spectrum and retention time
(Summons et al., 1987), which is present in some XF and CAU sam-
ples but is absent or occurs in only trace abundances in the PN and
Carbonero samples. In fact, in one sample (Cau–24, see Fig. 8), it is
one of the dominant compounds in the apolar fraction and certainly
the most abundant sterane.
The sections also differ with respect to the relative abundances of
sterane diastereomers. The CAU and XF samples are represented al-
most exclusively by the 5α(H),14α (H),17α(H),20R epimer. On the
other hand, in CAB and PN samples, 5α(H),14β(H),17β(H) diastereo-
mers and 22S steranes are also relatively abundant, with similar
Fig. 5. Selected total ion chromatograms of samples from the studied sections. Numbers refer to n-alkanes.
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relative distributions in both sections (Fig. 8). Furthermore, the ratios
of the 20S and 20R epimers differ between the latter two sections,
with the 20S/20R ratio being around 1 for the 5α(H),14α(H),
17α(H) diastereomer in CAB samples, whereas in PN samples the
20R stereochemistry is dominant. Similarly, 13β,17α steranes
(diasteranes) are relatively abundant compared to regular steranes
in all of the Carbonero samples but absent in the other sections.
5. Discussion
5.1. Correlation of C-isotope curves and integration with biostratigraphic
data and distribution of organic-rich facies
To correlate the four sections, we have used the biostratigraphic
data and also attempted to identify the eight segments proposed by
Menegatti et al. (1998) for the Aptian C-isotope proﬁle from the
“Selli level” in the Alps. Those authors proposed a subdivision of the
Aptian C-isotopic record in 8 segments based on changes observed
in two different sections in the Alpine domain and attempted to cor-
relate those carbon isotopic temporal variations with nannofossils
and planktonic foraminifers biozonations (Fig. 9). The Cau and La
Frontera sections both contain the eight segments described by
Menegatti et al. (1998), whereas in the Carbonero section there are
no isotope data for the C1 segment, although biostratigraphic data
suggest it is present. In Puentenansa, the succession starts within
the C2 segment, and there is a discontinuity affecting the C4 to C7
segments (see Figs. 3, 4 and 9).
The sections exhibit the expected correlations between the bio-
stratigraphic data and the C-isotope curves (i.e. segments proposed
by Menegatti et al., 1998), and consistent relationships are observed
in all four Iberian sections studied with the exception of the FO of
E. ﬂoralis. This datum was recorded within the C6 segment in La
Fig. 6. Biomarker ratios derived from relative n-alkane (a) and isoprenoid (b) abundances. Ratio deﬁnitions and interpretations are provided in the text. Location of the samples
shown in Figs. 3 and 4.
Table 2
n-Alkanes and isoprenoids ratios.






CAB-1J 4.65 0.82 2.05 0.51 1.02 1.30 0.38
CAB-2A 2.84 0.74 2.86 1.23 1.00 1.41 0.62
CAB-2C 2.00 0.67 3.46 1.73 0.98 1.17 1.34
CAB-3 2.89 0.74 2.15 0.75 0.99 1.25 0.42
CAB-5 2.18 0.69 1.45 0.97 1.35 0.84 0.60
CAB-7 3.36 0.77 1.98 0.98 0.71 1.18 0.34
Cau
CAU-12a 3.15 0.76 2.07 0.97 1.49 2.51 1.16
CAU-19a 0.67 0.40 1.52 1.63 1.29 1.75 1.22
CAU-19C 1.42 0.59 2.54 2.34 1.07 3.49 0.90
CAU- 32 a 1.32 0.57 1.30 0.84 1.17 1.88 2.06
La Frontera
XF-87 2.08 0.68 0.41 0.14 1.73 2.25 1.26
XF-90 4.60 0.82 2.90 0.99 1.12 1.80 0.39
Puentenansa
PN-9 0.68 0.41 0.46 0.16 1.37 0.60 0.36
PN-15 0.60 0.38 0.75 0.22 1.53 3.00 1.02
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Frontera section, and within the C7 segment in Carbonero and Cau
sections. We suspect that the diachronism in the record of the FO of
E. ﬂoralis in Carbonero section is related to the poor preservation of
the nannofossil assemblages in the middle member and lowest part
of the upper member of the Carbonero Formation. In most of the sam-
ples from this middle member, nannofossils were not found or were
very poorly preserved.
In the Cau section, however, the cause of this diachronism cannot be
attributed to preservation, as nannofossil assemblages are diverse and
moderately well preserved in this interval, and we suspect that it is
probably related to palaeoecological factors. The palaeoceanographic
setting of the Cau sectionwasmore proximal and shallower (outer plat-
form) than that of the La Frontera section (pelagic). In addition, the
nannofossil assemblages from this interval in the Cau section contain
higher proportions of nannoconids and pentaliths (Braarudosphaera,
Micrantholithus) than those of the La Frontera section. Nannoconids
are well-documented Cretaceous taxa predominantly associated to
low-latitude carbonate-shelfal and epicontinental basins likely with
stratiﬁed waters (Thierstein, 1976; Roth and Bowdler, 1981; Roth and
Krumbach, 1986; Busson and Noël, 1991; Mutterlose, 1992; Street and
Bown, 2000; Bown, 2005). They are also related to oligotrophic surface
waters in which salinity may also have played a signiﬁcant control
(Lees et al., 2005). Erba (1994) suggested that nannoconids were analo-
gous to the extant genus Florisphaera, which proliferates in the deep
photic zone of modern oceans at a deep nutricline. This author
suggested that the OAE1a-related nannoconid crisis was the result of
nutriﬁcation of surface-waters, triggering blooms of surface waters
coccolithophorids and depletion of deeper-dwelling nannoconids.
Pentaliths (Micrantholithus and Braarudosphaera) appear to be similarly
neritic to nannoconids in distribution. Its ecology is also probably relat-
ed to neritic factors such as reduced salinity and enhanced nutrient con-
tent (Roth and Bowdler, 1981; Parker et al., 1985; Siesser et al., 1992;
Street and Bown, 2000; Bown, 2005). Micrantholithus was replaced by
Braarudosphaera in the Aptian, which appears to have retained a similar
ecology from Aptian to recent times, being most common in neritic
environments (Gran and Braarud, 1935). Other anomalous occurrences
of Braarudosphaera blooms, linked to post-extinction assemblages
(Cretaceous–Tertiary boundary) or to subtropical open-ocean sites
(Parker et al., 1985; Scarparo-Cunha and Shimabukuro, 1997) suggest
an opportunistic behavior for this taxon (Siesser et al., 1992). Given
the paleoceanographic setting of the Cau section (distal part of a
platform) and the above-mentioned higher abundances of ecologically
signiﬁcant nannoconids and pentaliths through the C6 and C7 carbon-
isotope intervals, we suggest that a shallower, more restricted environ-
ment, with lower salinity, could be related with the delay in the ﬁrst
record of E. ﬂoralis in this section. Similar diachronisms in the FOs and
LOs of several micro- and nannofossil indicators with respect to the
carbon-isotope stratigraphy have been also detected for sections in the
Mazagan Plateau and the Vocontian Trough (Herrle et al., 2004), and
Fig. 7. Selected partial mass (m/z=191) chromatograms of samples from the studied sections, showing hopanes and gammacerane (* unknown compound, probable ketone or
diahopane).
Table 3










CAB-7 0.53213368 0.14231738 CAB-7 0.302463054 0.516723549
CAB6a 0.54291845 0.11111111 CAB-5 0.34566787 0.4665195
CAB-5 0.54736842 0.13127413 CAB-3 0.44603033 0.432876712
CAB-3a 0.54174397 0.13378685 CAB-2C 0.399749373 0.505675955
CAB-2a 0.56915739 0.172322023 CAB-2A 0.371191136 0.512352309
CAB-1J 0.54363636 0.18592297 CAB-1J 0.331963001 0.492583919
La Frontera Puentenansa
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interpreted in terms of regional differences in palaeoenvironmental
conditions.
Taking this into account, the data presented in this study reveal
several relationships, shown in Figs. 3 and 4: (1) The C1–C2 boundary
is affected by a discontinuity, at the Barremian–Aptian boundary, in
all four sections; (2) the C3–C4 boundary corresponds to the base of
S. cabri foraminifer biozone; (3) the base of the R. angustus
nannofossil biozone is diachronic, and its ﬁrst occurrence lies within
the C6 segment; and (4) the base of the G. ferreolensis foraminifer
biozone occurs within the C7 segment.
Correlation of biostratigraphy, C-isotope stratigraphy and facies
among the four sections reveals a variety of spatial and temporal re-
lationships (Fig. 10). Although C-isotope stratigraphy is correlatable
around the world, the timing of deposition of organic-rich sediments
is not coeval (i.e. Jenkyns, 2010), and that is apparent in the Iberian
region of the Tethys. Organic-rich facies are ﬁrst deposited in pelagic
environments (La Frontera and Carbonero sections), at the base of the
Aptian and corresponding to the C2 segment of the carbon isotope
proﬁle, whereas organic-rich black shales or marls are deposited dur-
ing the C3 or C4 segments in platform settings (Puentenansa and Cau
Fig. 8. Selected partialm/z=217 mass chromatograms of samples from the studied sections, showing steranes. Note that diasteranes are only present in CAB samples. Dinosterane,
although present in these m/z=217 chromatograms, has a mass spectrum with a dominant 231 fragment and a minor 217 fragment.
Fig. 9. Correlation of the studied sections with the reference curves of Menegatti et al., 1998.
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sections, respectively). Also, the interval of deposition of black shales is
longer in pelagic sections (up to the C8 segment) than in the platform
sections (C7) in the SIPM. When comparing the palaeogeographically
distinct platform settings (SIPM, Cau, and NCB, Puentenansa), the
deposition of organic-rich facies starts earlier and persists longer in




The use of biomarker distributions to assess the thermal maturity
of organic matter in sediments and rocks is well established
(e.g. Peters et al., 2005). The most powerful tools at low to moderate
maturity (with respect to oil generation) are those based on the rela-
tive distribution of sterane and hopane isomers, and that is the focus
here. However, thermal maturity also affects n-alkane distributions
and, therefore, informs our interpretation of between-section differ-
ences in those parameters.
The Carbonero section has 22S/(22S+22R) homohopane ratios of
ca 0.55, C30 βα/(βα+αβ) hopane ratios of ca 0.15 (Fig. 11a), ββ/
(ββ+αα) sterane ratios of 0.37, and 20S/(20S+20R) sterane ratios
of 0.49 (Table 3, Fig. 11b), and abundant diasteranes. All of these
data indicate that OM from the Carbonero section is thermally mature
with respect to oil generation (Mackenzie et al., 1980; Seifert and
Moldowan, 1980; Waples and Machihara, 1991). Although the
homohopane ratios are at a maximum and cannot put an upper
limit on the section's thermal maturity, the persistence of these
biomarkers—and especially the moretanes—suggests that the section
has not exited the oil generation window. Sterane distributions also
indicate that the section is near the peak stage of oil generation,
equivalent to a vitrinite reﬂectance between 0.65 and 0.85 (according
to Peters et al., 2005). The elevated thermal maturity accounts for the
low HMW/LMW n-alkane ratios and the lack of an odd-over-even
predominance.
The Cau and La Frontera sections, in contrast, are characterized by
distributions consistent with low thermal maturity, including a domi-
nance of 22R homohopanes (i.e. 22S/(22S+22R) homohopane ratios
of 0.13–0.37), the persistence of hopanes with the biological and ther-
mally unstable 17β,21β(H) conﬁguration, steranes represented only
by the ααα20R isomers, and an absence of diasteranes (Table 3,
Figs. 7 and 8). These data indicate that Cau and La Frontera have very
lowmaturity and explain why higher plant wax n-alkane distributions,
including the high OEP and HMW/LMW ratios, have persisted.
Puentenansa samples have hopane and sterane ratios indicating that
the OM is thermally mature (within the peak stage of oil generation)
but not to the same degree as the Carbonero samples; for example,
diasteranes are not present in Puentenansa. Thus, differences in thermal
maturity are a main driver of organic geochemical differences among
the studied sections. Speciﬁcally, Carbonero and Puentenansa OM is
thermally mature, whereas Cau and La Frontera OM is thermally imma-
ture, probably with an equivalent vitrinite reﬂectance lower than 0.4
(according to Peters et al., 2005). Particularly interesting are the impor-
tant differences observed between Carbonero and La Frontera OM, tak-
ing into account that they were deposited in nearby areas. The higher
degree of maturation showed in Carbonero samples could be related
to the Cretaceous tectonic and volcanic activity occurred in the
Carbonero area, related to the extensional tectonics (Molina et al.,
1998; de Gea et al., 2008a, 2008b) which could have resulted in a
heating of the sediments, whereas the nearby La Frontera area, not af-
fected by these processes, records immature OM; however, a different
burial history cannot be dismissed. The low thermal maturity in Cau
and La Frontera sections suggests that functionalized biological com-
pounds, including alcohols and carboxylic acids, will be preserved in
these sections (which we have conﬁrmed but will be discussed in sub-
sequent papers). This will affect interpretation of OM sources and sedi-
mentary environments and is an important caveat to subsequent
sections.
5.2.2. OM sources and environmental conditions
Lipid biomarkers can be used to infer sources of organic matter
(e.g. terrestrial vs marine) and depositional conditions (e.g. oxic vs.
anoxic). Overall, all of the OM present in the studied samples is
interpreted to derive from signiﬁcant terrestrial inputs as well as
Fig. 10. Correlation between C-isotope stratigraphy (segments from Menegatti et al.,
1998), biostratigraphy and facies.
Fig. 11. Maturity-related biomarker parameters. a: 22S/(22S+22R) homohopane ra-
tios versus βα/(βα+αβ) hopane ratios. b: ββ/(ββ+αα) sterane ratios versus 20S/
(20S+20R) sterane ratios.
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marine and bacterial sources. The differences in thermal maturity
complicate comparison of biomarker parameters among the sections.
Moreover, the high level of maturity in several samples prevents an
accurate interpretation in terms of source. Nevertheless, biomarker
data from this study do reveal some systematic relationships,
allowing tentative comparisons.
5.2.2.1. OM sources. The predominance of high molecular weight
n-alkanes (C25–C35) with an odd-over-even carbon number in the
La Frontera and Cau sections indicate a terrestrial contribution
from wax lipids of higher plants (Eglinton and Hamilton, 1967).
The low molecular weight C14–C24 n-alkanes, as well as pristane
and phytane, from the same sections likely derive from marine con-
tributions. Puentenansa samples have a slight OEP, but still contain a
strong HMW n-alkane (C25–C35) signal, which would also indicate a
terrestrial contribution. The predominance of LMW n-alkanes in CAB
samples reﬂects their thermal maturity rather than OM sources.
The steranes show a rather constant distribution with a domi-
nance of C29 compounds in all samples. This feature could also indi-
cate a strong terrestrial contribution (Huang and Meinschein, 1979),
but caution is essential as many algae synthesize C29 sterols (Peters
et al., 2005 and references therein). Further evidence that the high
%C29 steranes should be interpreted cautiously comes from the fact
that there are no systematic differences between the platform and
pelagic sections, even when comparing sections with similar thermal
maturity. Marine inputs are clearly signiﬁcant at all sites, despite the
relatively low%C27 and %C28 values, indicated in particular by the occur-
rence of dinosterane derived from dinoﬂagellates (Withers, 1983).
Dinosterane occurs in several samples in concentrations comparable
to those of steranes (XF samples), is absent in others (CAB and PN
samples, CAU-12, CAU-19a and CAU-19c), and is one of the most abun-
dant hydrocarbons in CAU-24. Although the sample resolution is limited,
there is strong variation in dinosterane concentrationswithin a given sec-
tion, indicating that dinoﬂagellate production varied, perhaps reﬂecting
changes in nutrient status. Moreover, the particularly high concentration
in the CAU-24 sample suggests that these conditions arose when either
upwelling or runoff delivered nutrients to the shallow marine environ-
ment. However, insufﬁcient data prevent us from further interpretation
of either temporal trends or differences between sections.
Bacterial sources of OM are demonstrated by the presence of
hopanes in all samples. Also, although it is not a bacterial compound,
gammacerane typically occurs when bacteria are present in the water
column (Sinninghé-Damsté et al., 1995; Peters et al., 2005). Intrigu-
ingly, the abundance of hopanes relative to n-alkanes is particularly
high in samples CAB-5, XF-90, and CAU-19a, all corresponding to
the interval located above the negative carbon isotope excursion. Pre-
vious work has shown that other times of global anoxia are associated
with major changes in the bacterial population, and in particular the
proportional contributions of cyanobacteria (e.g. Kuypers et al.,
2004 -OAE2-, Xie et al., 2007 -Permian–Triassic Boundary), and future
work will focus on similar changes in the Iberian region during
OAE1a.
5.2.2.2. Environmental conditions. One of the main questions related to
anoxic events is the geographical extent of reducing conditions in the
water column. Gammacerane is present in the Puentenansa samples,
and its principal source appears to be bacteriovorous ciliates, which
occur at the interface between oxic and anoxic zones in stratiﬁed water
columns (Sinninghé-Damsté et al., 1995; Peters et al., 2005), such that
its presence is often associated with anoxia induced by water column
stratiﬁcation. Intriguingly, we did not detect gammacerane in the
Carbonero section, even though it is characterized by the highest TOC
contents, and has sedimentologic evidence of anoxia (i.e. barite concre-
tions, Molina and Hernández-Molina, 1993; de Gea et al., 2008a).
A range of other biomarker distribution based redox proxies have
been developed (e.g. Peters et al., 2005), but these are based on
empirical observations of petroleum and corresponding source rocks
rather than thermally immature sediments; thus, in our samples
they can only be applied to the CAB and PN samples. The Pr/Ph ratio
has been used to infer redox conditions, but is also governed by ther-
mal maturity, source inputs and lithology (Didyck et al., 1978; Ten
Haven et al., 1987; Hughes et al., 1995). Carbonero samples have a
relatively high Pr/Ph ratio, between 2.3 and 5.5, whereas PN samples
have very low values (0.4 and 0.5), with the latter being typical for
anoxic conditions (b0.8; Hughes et al., 1995). Other aspects of the
PN biomarker proﬁle are consistent with this, including the elevated
concentrations of the C35-homohopane (Peters and Moldowan,
1991) and the high gammacerane/hopane ratios. Collectively, all of
the biomarker data suggest that CAB samples, despite being more
organic-rich, reﬂect more oxygenated conditions than PN samples
(Fig. 12). By extension, this suggests that more reducing environ-
ments prevailed in the North Cantabrian Basin than the SIPM.
5.3. Sedimentary model: integration of stratigraphy, geochemistry,
palaeogeography and palaeoceanography
The differences observed in the timing of deposition of the
organic-rich facies between sections can be explained in relation to
the different palaeogeographic settings and the palaeoceanography
(Fig. 13). During Menegatti's C2 interval, the organic-rich deposition
only occurs in the deep pelagic sections of the SIPM (Carbonero and
La Frontera), located in fault-bounded high-subsident areas, probably
with reduced water circulation, whereas in the shallow marine set-
tings normal hemipelagic sedimentation took place (Cau) or shallow
carbonate deposits (Puentenansa) were recorded (Fig. 13). This dis-
tribution could correspond to a model of deep stagnant oxygen-
depleted waters (i.e. Jenkyns, 1980; Pedersen and Calvert, 1990).
During the C3 interval, an episode of environmental change affected
the northern, more restricted NCB, leading to the drowning of the
Puentenansa carbonate platform and deposition of organic-rich facies
(Najarro et al., 2011a), under oxygen-depleted, probably stratiﬁed,
waters. Contemporaneously in the SIPM environments, a short epi-
sode of organic-rich sediment deposition took place in the shallower
Cau sector, whereas in shallow carbonate platforms of the SIPM a
drowning event took place (i.e. Castro et al., 2008; Castro et al.,
2012). An interesting question is the temporal relationship between
platform drowning and the onset of the OAE1a (i.e. Weissert et al.,
1998). The data from Puentenansa indicate that the platform drown-
ing predates the C4 segment, which is in agreement with previous
Fig. 12. Pr/C17 vs. Ph/C18 plot. The reference lines are from Didyck et al., 1978, but
should not be interpreted against the data from less thermally mature sections (CAU
and XF) as they have been empirically derived from oils and source rocks.
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studies from the Betic Cordillera (Castro et al., 2012), and also from
the Subalpine Chains (Huck et al., 2011).
During the C4–C5 intervals, which corresponds to the global wide-
spread deposition of organic matter of the OAE1a (i.e. Menegatti et al.,
1998; Dumitrescu and Brassell, 2006) organic-rich sedimentation
characterized all four sections. This persisted until the C8 interval, ex-
cept at Cau, where organic rich sedimentation ended during C7 inter-
val. This distribution could reﬂect an expansion of the OMZ, reaching
shallower areas on the margins, coincident with a major transgres-
sion, which could favor increased continental runoff and an increase
in nutrient inputs (i.e. Burla et al., 2008; Castro et al., 2008; Blattler
et al., 2011; Najarro et al., 2011a). Similar models of expansion of
the OMZ have been proposed for the OAE2 (i.e. Pancost et al., 2004;
Li et al., 2006).
The main factors leading to deposition of organic-rich marine sedi-
ments are anoxia andproductivity (e.g. Pedersen andCalvert, 1990).Ma-
rine organic-rich sediments related to OAEs have been extensively
interpreted as being deposited under anoxic or dysoxic conditions
(e.g. Jenkyns, 1980). In the Iberian sections studied here, evidence for
anoxia has been found, both from sedimentology (high TOC contents,
barite concretions, laminations, lack of bioturbation, planktonic associa-
tions…), and biomarkers (presence of gammacerane, distribution of
homohopanes, Pr/Ph ratios, isoprenoids/n-alkane ratios). However, the
signature for anoxia is neither unambiguous norwidespread. Differences
among sections are interesting: Carbonero section shows a stronger sed-
imentologic signal of anoxia (i.e. highest TOC contents), whereas the bio-
marker proxies of these conditions are weak. Although deeper studies
are needed about redox proxies for the Carbonero section, a high pro-
ductivity environment should be also considered; this is consistent
with the presence of Ba, which has been proposed as a powerful proxy
for productivity in marine environments (Paytan and Grifﬁth, 2007), al-
though more detailed investigation on this element are necessary to
avoid misinterpretations. The other SIPM sections (La Frontera and
Cau) show both sedimentary and biomarker evidence of anoxia, as stat-
ed before. On the other hand, the NCB section (Puentenansa) shows
stronger biomarker evidence for anoxia (presence of gammacerane,
homohopane distributions, Pr/Ph ratios), which can be related to the
palaeogeographic setting in the Bay of Biscay, probably with a more re-
stricted communication of the waters to the open ocean.
Finally, although the sections studied represent different sedimen-
tary environments (platform and pelagic), there are no systematic
biomarker differences related to this, for example, there is no evi-
dence for greater terrigenous OM inputs to the platform settings.
Instead, the main differences in biomarker distributions are associat-
ed with thermal maturity and vertical variability.
6. Conclusions
Four sections recording the Early Aptian OAE1a in Spain have been
characterized by biostratigraphy, C-isotope stratigraphy, elemental
geochemistry, biomarker distribution, and sedimentology; the sections
represent different palaeogeographic (North Cantabrian Basin and
Southern Iberian Palaeomargin) and geotectonic settings (pelagic and
shallow marine). The C-isotope curves allowed the recognition of the
eight segments proposed by Menegatti et al. (1998) and subsequently
identiﬁed in sections from around theworld, and the integration of bio-
stratigraphic and C-stratigraphic data was used to develop an integrat-
ed stratigraphic framework, allowing correlation of the Iberian OAE1a.
Biomarker distributions revealed signiﬁcant variations in thermal ma-
turity, which was very low in the Cau and La Frontera sections, moder-
ate in the Puentenansa samples, but relatively high for the Carbonero
section, which is within the oil window. The strong lateral variations
in maturity over short distances were interpreted as probably due to
volcanic activity or burial history. Overall, all of the OM present in the
studied samples is interpreted to derive from signiﬁcant terrestrial
inputs as well as marine and bacterial sources, and dinosterane was
particularly abundant in several samples. Environmental proxies indic-
atives of anoxia–dysoxia occur in all the sections, but evidence for
strong and persistent water column anoxia is equivocal. Crucially, how-
ever, the correlation of the sections reveals that deposition of
organic-rich facies started earlier in pelagic settings and later in the
platform settings, which can be related to an expansion of the oxygen
minimum zone from deep marine waters to shallower marine environ-
ments during the development of the OAE1a.
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